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NAVAL RESEARCH LABORATORY

from DR. BRUCE GRDANLY

The U.S. Naval Research Laboratory enjoyed another excep-
tional year of accomplishments in 2016. Our researchers, engineers
and support team continue to provide cutting-edge science and
technological improvements to the Navy/Marine Corps, while receiv-
ing well-deserved recognition for their significant work and accom-
plishments.

In addition to the many accomplishments you will read about
in this year’s Review, we are honored to welcome our new Chief of
Naval Research Rear Admiral David Hahn. CNR took the helm of
the Naval Research Enterprise in late 2016, emphasizing his three-
part leadership philosophy: mission accomplishment, teamwork, and
personal growth and development, challenging all NRL employees
to consider how our efforts support ONR’s mission to plan, foster
and encourage scientific research in support of future naval power.

We also announced Dr. Bruce Danly as the new NRL Director
of Research in December 2016. Dr. Danly has served at NRL since
1995, most recently as the Radar Division superintendent.

We are extremely proud of the countless research projects
and recognition highlighted throughout this Review. Some of those
include: several researchers being elected to Fellowships, receiving
Presidential awards, earning Meritorious Civilian Service awards,
and many others.

APT MARK C. BRUINGTON

Other highlights include engineers and researchers making
significant discoveries in UAV capabilities, space science, fuel from
seawater, hyper-cleansing, micro-materials, and coupled ocean/
atmospheric models research.

Our community outreach programs continued to thrive dur-
ing 2016, as our D.C. campus hosted its 50th annual Children’s
Holiday Party for more than 100 local elementary school children,
as well as more than 50 local high school science teachers via our
STEM Outreach Program.

We also had the pleasure of hosting more than 170 distin-
guished visitors — senior Navy leaders and other influential decision
makers throughout the Department of Defense and industry —
educating them on the significant research being conducted on the
Lab throughout the year, emphasizing how important our work is in
supporting the Navy and Marine Corps team.

Overall, 2016 was another busy year here at NRL, filled with
a mixture of exciting new discoveries, methodical and systematic
research, all while recognizing our people in an environment that
fosters teamwork, collaboration, and intellectual curiosity.

As you read the 2016 NRL Review, we hope you are as proud
of our accomplishments as we are, excited and eager to explore
what lies ahead in 2017.

We are advancing further than you can imagine.®
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Many forecasts of Hurricane Sandy in 2012 were off the
mark. Looking at this three-dimensional image of one fore-
cast, it's easy to see why. The image is based on a forecast
of Sandy from the Coupled Ocean/Atmosphere Mesoscale
Prediction System for Tropical Cyclones, or COAMPS-TC®,
a computer prediction system developed at NRL. As the
image shows, the planet harbors many weather systems
with varying scales and speeds that can interact, making
forecasting a tangled problem. The COAMPS-TC model
calculates tropical storm forecasts with help from an adjoint
modeling system that solves equations involving many
variables and aspects of the weather systems that influence
storms such as Sandy. In the last several years of opera-
tional predictions, COAMPS-TC has proven to provide fore-
casters with the most accurate forecasts in the world.

James Doyle and Clark Amerault
Marine Meteorology Division
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Our People Make a B I G Difference

The NRL Review dramatically illustrates the range of

that make the U.S. Naval Research Laboratory a leader in so many fields. Driving all
of NRL's innovations and successes are the who work here. It is these
people who provide the talent, creativity, and sustained effort to in support

of the Navy mission. In this section, we proudly highlight some of these special people.




MS. JENNIFER CHESWICK is head of the Technical Services
Branch in the Research and Development (R&D) Services Division. She
earned her civil engineering degree from the New Jersey Institute of Tech-
nology in 2000, and she is a registered professional engineer in Maryland.
She began her journey with the U.S. Navy as a Civil Engineer Corps Of-
ficer, serving both stateside and overseas, including tours of duty in Italy
and Iraq. Her tenure as utilities officer for a mission-essential submarine
tender homeported in La Maddalena, Italy, gave her a wealth of experi-
ence in equipment functionality and developing strategic short- and long-
term solutions for mission success. Her work as utilities infrastructure
project manager in Baghdad, Iraq, included helping to rebuild the badly
damaged infrastructure that served the Iraqi people and the U.S. military
mission. In Irag, she also helped promote the local training efforts of the
U.S. Department of State. Ms. Cheswick came to NRL in 2013 from the
U.S. Department of Veterans Affairs, where her responsibilities as chief
engineer for the New York Harbor Healthcare System included managing all aspects of operations, maintenance, capi-
tal improvements, safety, and environmental impact. Ms. Cheswick started her NRL career as the laboratory’s energy
manager, using her broad-reaching operations and facilities management experience to reduce NRL energy consump-
tion without impacting the mission. She currently leads the Planning, Engineering and Environmental sections of
R&D Services, where she oversees a staff responsible for designing in-house projects in support of research, manag-
ing the design and execution of Naval Facilities Engineering Command construction projects, and ensuring that all
research and construction activities adhere to Navy planning and funding guidance as well as environmental laws and
mandates. As a member of the Naval Research and Development Establishment facilities working group, she helps
develop creative and effective solutions crucial to improving timetables for NRL facilities projects and providing the
world-class laboratories necessary to continued growth and success of the NRL research community in its daily work.

DR. ALEXANDER EFROS is a research physicist in the Center for
Computational Materials Science of the Materials Science and Technol-
ogy Division. He received his Ph.D. in 1978 from St. Petersburg Techni-
cal University, Leningrad. He joined NRL as a contractor in 1993 and
became an NRL staff member in 1999. His research focuses on optical,
transport, and magnetic properties of nanoscale semiconductors and
electron spin manipulation for spintronics and quantum information
processing. He has made many pioneering contributions to the theory
of nanocrystal quantum dots, and he established the basic model now
used for describing their electronic and optical properties. The theory
he helped develop has led to a new class of optical materials and a new
form of matter commonly referred to as “artificial atoms,” the nanocrys-
talline materials now considered a key element of modern nano-optics,
nanophotonics, and optoelectronics. Many NRL experimental groups
are exploring the possible use of quantum dots in important applica-
tions, one of the most exciting of which may be a tool for optically imaging the electrical activity of many neurons
simultaneously. Dr. Efros maintains strong and rewarding connections with experimentalists both inside and outside
NRL. “This is a very exciting time for scientists working in nanoscience research. I believe that collaborative research
between experimentalists and theorists in the NRL Institute for Nanoscience will lead to significant technological
breakthroughs that will affect the lives of many people, perhaps along similar lines to the blue-green light-emitting
diodes a dozen years ago.”

2016 NRL REVIEW | nrl’s involved!



MS. APRIL MOORE is a financial and administrative management
specialist (FAMS) in the Systems Analysis Branch of the Spacecraft
Engineering Division. She began working at NRL in 2005 as a security
assistant in support of visitor control, badging, and personnel security.
She later joined Spacecraft Engineering as an office automation clerk and
then received a promotion within the division to the position of super-
intendent secretary. In these roles, she provided financial and admin-
istrative support to a division with approximately 150 people. She also
oversaw large division procurement requests, assisted the administrative
officer with data calls, coordinated administrative processes with branch
secretaries, and performed financial monitoring of two divisional multi-
million dollar programs. In her current FAMS role, she has played a
crucial part in supporting transparency of financial transactions between
NRL and its sponsors while providing expertise that facilitates processes
and assists project managers in their funding use. The primary ambition
of her career at NRL, she says, is to make the administrative process as efficient as possible for NRL scientists and en-
gineers, with the objective of maintaining a positive environment that allows everyone at NRL to thrive in their daily
work and achieve the goals that make a long-lasting and global impact. “I love what I do and admire the work of my
NRL coworkers. I particularly enjoy watching their idea become reality and then seeing it launched into space”

DR. FREDDIE SANTIAGO is an electronics engineer in the Remote
Sensing Division. He started his NRL career in 2004 with the Remote
Sensing Division in Albuquerque, New Mexico, under STEP (Student
Temporary Employment Program), while also pursuing his M.S. degree
in physics from the University of Puerto Rico, Mayaguez Campus. After
five years with the U.S. Department of Energy, and on completion of his
Ph.D. in electrical engineering (with an optoelectronics concentration)
from the University of New Mexico in Albuquerque, he was hired as a
full-time NRL employee in 2014 with the Remote Sensing Division in
Washington, DC. He also became a Karles Fellow in 2014 and established
the NRL Adaptive Polymer Lens Lab to study advanced polymers for
optics. His research interests include adaptive and active optics, optical
propagation through atmospheric turbulence, remote sensing, optical
metrology, optical and mechanical design, and active/passive polymers
for optical applications. Over the past few years, he has worked on a
rapid adaptive zoom application based on adaptive polymer lenses and lightweight polymer optics for direct-view
optics of small weapons and other military systems that require reduced size, weight, and power.

We are
We are

We are
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DR. ERIK TEJERO is a research physicist in the Space Experiments
Section of the Plasma Physics Division. His areas of research include the
dynamics of waves and particles in both ionospheric and magnetospheric
plasmas. After completing his B.S. and M.S. degrees at the Massachu-
setts Institute of Technology, he worked for a year on the magnetized
target fusion experiment at Los Alamos National Laboratory. He came
to NRL in 2004 to work on the development of a low-power carbon
nanotube emissive probe for space applications. He left NRL to complete
his doctoral coursework at Auburn University and then returned to
NRL in 2007 to conduct doctoral research in the Space Physics Simula-
tion Chamber (SPSC), focusing on verification of electromagnetic ion
cyclotron waves driven by transverse sheared flows. After obtaining his
Ph.D. degree, he remained involved in NRL research as a Karles Fellow.
He now manages much of the day-to-day operations of the SPSC, where
he conducts experiments replicating basic physical processes of various
ionospheric and magnetospheric phenomena. His work at NRL has included the experimental verification, charac-
terization, and theory of electrostatic and electromagnetic transverse velocity shear-driven instabilities; experiments
to directly measure the resonant interaction between energetic electrons and whistler waves and the resulting pitch-
angle scattering; and experiments to demonstrate the electrostatic to electromagnetic transition of lower hybrid
waves to whistler waves via nonlinear scattering off of thermal electrons. These efforts are important to the U.S.
Navy’s operations and understanding the dynamics of the natural space environment.

DR. LINDA THOMAS is an electronics engineer in the Electro-optics
Technology Section of the Naval Center for Space Technology. She has
been working at NRL since 2004. Her research interests are free-space
laser communications, hybrid optical and radio frequency communica-
tions networks, satellite laser ranging, and single photon detectors. Dr.
Thomas received her bachelor’s degree in electrical engineering from
Duke University and both a master’s degree and a doctorate in the field
of electrical engineering from the University of Maryland, College Park.
She is an associate editor of the Journal of Lightwave Technology and prior
conference chair of the SPIE Conference on Atmospheric Propagation.
“My motivation is twofold. First, I want to be an honest broker. As a new
NRLer, I was informally mentored by senior engineers and research-

ers from across the Laboratory. One of the best pieces of advice I was
given was that our role here at NRL was to make sure decision makers
had accurate information when making decisions about new technolo-
gies, systems, and architectures. In my work, I strive to be an honest broker, no matter how uncomfortable it may be
sometimes. Second, I believe that engineering is a competitive sport. Friendly competition with other laboratories
and Federally Funded Research and Development Centers is stimulating and helps keep the research community
honest”

We are advancing research further than you can imagine.®
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DR. TEGAN WEBSTER is a research mathematician in the Advanced
Signal Processing Section of the Radar Division. Dr. Webster joined
NRL in 2011 under STEP (Student Temporary Employment Program)
and became a full-time employee after obtaining her Ph.D. degree in
mathematics in 2012 from Rensselaer Polytechnic Institute, where her
research focused on multistatic polarimetric radar modeling, simulation,
and imaging. At NRL, she has worked in programs involving phase-only
multiple-input multiple-output radar transmit nulling to facilitate in-
teroperability among radio frequency spectrum users and utilization of
communications signals as signals of opportunity for distributed passive
radar systems. Dr. Webster is currently the principal investigator for a 6.1
program that aims to improve the theoretical foundation of multistatic
radar to better quantify and take advantage of the possible performance
improvement that these radar systems may offer. The program involves

the development of mathematical electromagnetic models and large-scale
simulation environments to assess multistatic radar performance, the creation of processing and imaging techniques
for multistatic radar data, and the validation of these models, simulations, and techniques through experiments.
“The opportunity to work on a variety of topics in a collaborative work environment makes it possible to continue to
grow as a researcher at NRL”

DR. HEMANTHA WIJESEKERA has been a research oceanographer
in the Oceanography Division since 2008. Before joining NRL, he was

an associate professor at Oregon State University and associate program
director of the Physical Oceanography Program in the Geoscience Direc-
torate at the National Science Foundation. He received a B.S. degree in
mechanical engineering from the University of Moratuwa, Sri Lanka, in
1982, and both an M.S. degree in atmospheric sciences and a Ph.D. degree
in oceanography from Oregon State University, in 1986 and 1992, respec-
tively. He is a recognized expert in mesoscale to small-scale physical pro-
cess, flow-topographic interactions, and air-sea interaction, particularly
in oceanographic observations from towed, moored, and autonomous
platforms. His work at NRL has focused on understanding and quantify-
ing unresolved physical processes for the development of subgrid-scale
parameterizations for U.S. Navy models. He recently completed a success-
ful study of current flow interactions with a submerged bank in the north-
ern Gulf of Mexico. He is also principal investigator of a 6.1 NRL core project on “Effects of Bay of Bengal Freshwater
Flux on Indian Ocean Monsoon” and an Office of Naval Research Departmental Research Initiative (DRI) on “Flow
Encountering Abrupt Topography.” His efforts in the Bay of Bengal were critical to establishing an international re-
search program of U.S., Indian, and Sri Lankan scientists. In the DRI on “Flow Encountering Abrupt Topography,” he
leads a major mooring field program over the Palau-Kyushu ridge in the Western Pacific Ocean that seeks to under-
stand and quantify wakes, eddies, and the associated submesoscale phenomena when a large-scale flow encounters a
combination of a steep ridge and a small island under a wide range of background ocean conditions. “I am grateful
for the opportunities NRL has provided that allow me to take on the challenges of operating in remote regions of the
world’s ocean where our Navy has operational relevance and that offer the possibility of discovering new mechanisms
that drive processes in the upper ocean and air-sea interaction on scales from millimeters to hundreds of kilometers”

NRL established the Karles Fellowship in honor of Drs. Jerome and Isabella Karle, two scientists who have dedicated their entire professional lives to
innovative advancements in science and technology. The Karles embody the intensity and fervor that NRL wishes to foster and harbor in the workforce of the
future. Karles Fellowships are awarded to new NRL hires who are recent graduates and show exceptional scientific abilities and research potential. The Karles
Fellowship is one element of NRL's Jerome and Isabella Karle Distinguished Scholar Fellowship Program, which also includes the Karles Senior Research
Fellowship, open to established researchers whose credentials are comparable to those of the Karles, and the annual Karles Invitational Conference.

2016 NRL REVIEW | nrl’s involved!



NRL Hosts Ifs Fiffh Annual

KARLES INUATARONAT. CONFERENCE

AUGUST 18-19, 2015

The U.S. Naval Research Laboratory (NRL) 2015 Karles Invitation-
al Conference, held August 18-19 in Washington, D.C., highlighted

current research and major international initiatives in neuroelectronics.

Against a backdrop of tremendous recent advances in under-
standing the brain and in cognitive architectures, two growing themes
in electronics are how to make novel hardware that can efficiently
implement brain-like algorithms and how to interface electronics with
biological wetware. Technological breakthroughs in these areas of
neuroelectronics are sure to have significant impact on both civilian
and military applications in areas such as intelligent decision making,
robotics, autonomous vehicles, automated image analysis, and the
long-term treatment of battlefield trauma including paralysis, loss of
limbs, and potentially even brain injury. At the Fifth Karles Invitational
Conference, leading researchers in the field presented the outlook and
prospects of this field for the coming decade and beyond.

The modern revolution in electronics, driven by ever more com-
plex integrated circuits with ever decreasing geometries, has created a
bootstrap effect in pioneering advances in both the physical sciences
and the life sciences. The ability to perform massive computations with
lightening speed has opened the way to a host of new technologies in
this, the Information Age. However, for all of these developments in
digital computation, the ability to do some of the most straightfor-
ward tasks performed by the human brain, such as near instantaneous
image recognition, until recently has been elusive. This is changing as
we achieve a better understanding of how the human brain processes
information and our ability to interact with it through next-generation
sensors and nanometer-scale precision probes. As neuroelectronics
advances rapidly, the possibilities for new technological capabilities to
aid society will be large.

The Karles Invitational Conference on Neuroelectronics was
organized into four sessions: National and International Perspectives,
Understanding the Brain, Mimicking the Brain, and Interfacing with
Neural Systems, with discussions regarding the current state, chal-
lenges, and future of the field with invited audience participation from
science and technology policy makers, sponsors, researchers, interna-
tional experts, and technical society leaders.

Initiated by the U.S. Naval Research Laboratory (NRL) in 2010,
the Karles Invitational Conference is an annual series in rec-
ognition of the distinguished career contributions of Dr. Jerome
Karle, 1985 Nobel Laureate in Chemistry, and Dr. Isabella Karle,
1993 Bower Award Laureate and 1995 recipient of the Nation-
al Medal of Science. Front row (I to r): Dr. John Montgomery,
Rear Adm. Mathias Winter, Dr. Isabella Karle, Dr. Gerry Borsuk.
Second row: Dr. Banahalli Ratna, Dr. Barry Horwitz, Capt. Mark
Bruington, Dr. Monica Basco, Dr. Bhakta Rath, Ms. Anne Kus-
terbeck. Third row: Dr. Baruch Levush, Dr. Patrick Kanold, Dr.
Eric Snow, Dr. John Mclean, Dr. Susan Greenfield, Kaushik Roy,
Dr. Stephen Furber, Dr. Narayan Srinivasa. Fourth row: Dr. Terry
Sejnowski, Dr. Richard Anderson, Dr. Tim Harris, Dr. Stanley
Williams, Dr. Marcel Just, Dr. Garrett Stanley, Dr. Warren Girill,
Dr. Bryan Jackson.
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Jeffery Cleveland is on a mission to save the government
a lot of money. The U.S. Naval Research Laboratory (NRL)
uses a common software, called Neptune®, to fly all its
satellite missions and manage its antennas on the ground.
But Cleveland thinks Neptune could be even bigger. “It's
a multi-mission command and control software, capable
of flying virtually any satellite,” says Cleveland. Kirtland
Air Force Base is just one place that’s already realized
how using Neptune, instead of writing all new software for
each mission, saves time and money on satellite opera-
tions.

Satellites aren’t mass-manufactured; each is built to be
unique for its mission. With such variance in hardware
and in the data they collect, don’t we also need unique
software to run each one?

It turns out no. “NRL was in satellites before anybody was
in satellites; what they quickly found is that they can’t

2016 NRL REVIEW | nrl’s involved!
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keep reinventing the wheel,” says Cleveland. NRL has
been flying satellites out of the Blossom Point ground
station in Maryland for over 50 years. “Blossom Point has
some serious antennas and some serious capability,” he
says. “We can handle almost any number of satellites, any
kinds of satellites, any orbits; Neptune is the software that
does that.”

NRL'’s innovation was to realize that, while satellite
payloads vary widely, they almost all ride on buses that
do the same few things. “The satellite bus is sort of the
infrastructure: it handles power, it handles heating and
cooling, it handles communications,” says Cleveland.

The Neptune software uses a common software for the
functions that every mission does, and then project engi-
neers tailor it to the mission. “There’s always mission-
specific software, there’s always something that needs to
be added,” says Cleveland, “so you have interfaces at the



right places, well-managed interfaces, that allow you to do
that.”

This saves a lot of money in development and mainte-
nance. “A lot of places, the government buys a system
from the space on down to the ground,” says Cleveland. “I
worked at one site where there’s a family of four satellites;
two are operated by one ground system and two are op-
erated by a completely different, incompatible ground sys-
tem.” That means the government is missing out on the
efficiencies that would come with a common approach.

In addition to operating satellites, the Neptune software
can also manage the ground station antenna array. Tradi-
tionally, one antenna listens for one satellite, so it’s not in
use most of the time. “LEO [low Earth orbit] missions in
particular, you have a 10 to 15 minute contact, and then
you go away for 90 minutes,” says Cleveland. “And just
down the street, there might be another antenna, same
capability, sitting idle — why do we keep doing that?”

So in 2013, NRL demonstrated how an Air Force satellite
operations center (SOC) in New Mexico could, by using
the Neptune software, use existing antennas at Blossom
Point. “We came up with a capability that allows different
SOCs to share resources,” says Cleveland.

Cleveland hopes the Neptune software will help advance
satellite research more quickly, and at less cost. “If you’re
the government,” he says, “the game is to take as much
use of the common software as possible, and minimize
the mission-unique software as much as possible.”

Every satellite collects and sends down data that needs
to be decommutated out of binary code. “That conversion
is something that everybody does,” says Cleveland, “so
that’s in the common software: collecting, logging, storing,
decommutating, and alarm checking.”

The Neptune software does need to be configured for
each mission. “It gets down to, you have to tell us what
your 1s and Os mean, and how we can make them into
engineering values,” says Cleveland. “We have a way for
[the user] to define, with a simple Excel spreadsheet or
database, this is what my telemetry looks like,” he says.

The initial setup can be intensive —“But that’s because
this is rocket science,” he says. Once done, however,

the Neptune software makes it easy for onsite operators
to make modifications. “They’re the ones that know the
spacecraft, they’re the ones that know what to do,” says
Cleveland. As an example, “l| know this heater is flaky and
so | don’t want the temperature sensor to go off at 50
degrees Celsius anymore, | want it to go off at 60 because
the temperature’s creeping up and that’s okay, we’re
watching that.”

This is very different from traditional, mission-unique soft-
ware, where the SOC has to go back to the contractor for
modifications, which is costly and time-consuming. Using

traditional software is like wanting to change your default
page margins from one inch to one-and-a-quarter — and
then having to hire a team of engineers to come to your
home and install a new operating system.

“What we’re doing, by isolating the common stuff and
some mission-unique software, we’re giving the local en-
gineers the power to do their job themselves right there,”
says Cleveland. “We just teach them how to put that into
a script or modify a database entry and they’re done; they
never call us, they take care of it themselves.”

Nowhere is cost savings more important than with
CubeSats. CubeSats started becoming popular about ten
years ago, as a way for universities and labs to cheap-

ly try out innovative ideas. They’re often launched with
much bigger satellite missions, packed into the extra
space in the rockets. “CubeSats are going to change the
world for sure — but that’s the payload,” says Cleveland.

Cleveland sees people too readily accepting failure from
CubeSat missions, because they’re perceived as inexpen-
sive and high-risk. “I think the numbers would say we’re
not contacting way more than we should be contacting,”
he says.

He thinks that if sponsors worked with experts to provide
a standard bus, keeping the innovation to the payload

— “we’ll get you your data, you do the cool payload” —
more missions would be successful and research would
advance faster.

He’d also like for sponsors to combine ground capabil-
ities into one high-power station, like a Blossom Point,
instead of using much lower-capability antenna networks.
“You can’t cheap out on the ground,” Cleveland says,
“because once it's up, it’s a satellite; the laws of physics
don’t know CubeSats from anything else. You’ve got to
communicate, you’ve got to stay up in orbit, you’ve got to
find them.”

The initial contact with a satellite right after launch is

hard; space is vast, and there’s always some cone of
uncertainty. “Even on NRL missions, we’ve launched
some very massive things; and it’s hard to separate, that’s
the spacecraft, that’s the launch vehicle,” he says. It's
even more difficult with CubeSats, which are too small

for much of a radar return and send only very low-power
transmissions. “There’s a lot of CubeSats that are never
contacted, and they write that off as, ‘Oh, well the bus
never turned on,’” says Cleveland, “when | think of a lot of
it is, it was talking over here and you were listening next
door and just missing it.”

NRL could help significantly improve the success of
CubeSats. “What NRL brings to the table is the ops ex-
perience and our innovative software to do command and
control, so that you don’t have to worry about that,” says
Cleveland.
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The U.S. Naval Research Laboratory (NRL) has been flying satellites out of the Blossom Point ground station in
Maryland for over 50 years, using a multi-mission software called Neptune®.

As an example, Kirtland Air Force Base used the Nep-
tune software for the Space Environmental NanoSatellite
Experiment (SENSE), the launch of two CubeSats in 2013.
It was NRL’s first demonstration of sharing antennas
between two different SOCs, a capability Cleveland calls
SOC2S0C.

NRL was configuring the Neptune software for the SENSE
mission and asked if they could also use it to just test
out SOC2SOC. “But it turned out that on launch day,

the antenna the SENSE program had, it wasn’t able to
command, it didn’t work,” says Cleveland. “And so they
contacted Blossom Point.” Thanks to this resource-
sharing “test,” the Air Force continued to get telemetry
for the next 18 months (until the satellite deorbited). And
even though the satellites had problems, by being able to
contact the bus, “you get a lot more valuable feedback,
and so that can go into improving the next mission.”

Though NRL configured the Neptune software for SENSE
operations, it was a group of Air Force lieutenants they
taught to run it. “These guys were fantastic to work with,
they got what we were trying to do and it was fun,” says
Cleveland. “They came up with the testing, they came up
with the displays, they did the ops.”

SENSE is also a good example of how Blossom Point can
be used as a ground station by an SOC run remotely from
computers somewhere else. “[Kirtland] has been great to

work with, and I'd like to see more of that continue,” says
Cleveland.

Cleveland has managed the Neptune software for NRL
since 2011; though he’s been at NRL since 1984, when he
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graduated from Penn State with the university’s first com-
puter engineering degree. “| like integration and testing, |
like to find out what’s wrong,” he says.

He’s supported innumerable launches, including Clem-
entine, TacSat4, and WindSat. “I like to think that I'm a
rocket scientist,” he says. “I’ve been at the bottom of the
tower when the rocket’s going off, I've had some great
experiences.” He’s now working on a major operations
improvement to the Kirtland Air Force Base SOC.

In Cleveland’s office, pictures from previous Neptune
missions are tacked up right alongside his son’s drawings
of space. His son is now nine. “He’s curious and inter-
ested, so it’s kind of fun to talk about what | do,” says
Cleveland. “We’ve gone stargazing and I’ve talked to him
about satellites and what | do. He doesn’t have a detailed
understanding, but satellites are cool and he knows his
dad works on satellites — so that’s pretty cool.”

One thing Cleveland appreciates about NRL is the mis-
sion focus. “When we find problems, what I really liked
is there wasn’t a lot of finger pointing. It was like, what is
this, you figure it out, find out where it is.”

He brings that mission focus to the Neptune team, mak-
ing sure that mission success is the priority. “One of my
favorite quotes is, ‘Better is the enemy of good enough,’”
he says, “which is not a copout to doing a quality job,
but the importance of knowing what you want to do and
stopping when you’ve done it.”

He hopes the Neptune software will transform the satellite
industry. “I like getting to other places and saving other
people money,” he says. “I'm happy when they choose
responsible solutions, and | think we’re a part of that.”



has found that some types of rubber provide corrosion
protection — and potentially better ballistic protection —
for amphibious assault vehicles (AAVs). This is important
to the U.S. Marine Corps (USMC) as they look to extend
the AAV, introduced in 1972, through 2035. “Innovative
sustainment concepts, like those NRL is investigating,
enable us to avoid the cost of new design, development,
and production of new components,” says Tim Bergland
of the USMC Advanced Amphibious Assault (AAA) office.

Dr. Mike Roland and Dr. Ray Gamache led the research
for NRL. “What makes [AAVs] unique is they can go in
water and on land,” says Roland. “They give the Marine
Corps a capability that no other service has.”

Since the 1990s, the USMC has been bolting armor onto
their AAVs. “The armor itself is a laminate of high hard
steel, which by itself is good for ballistics; a rubber layer;
then there’s another soft steel layer in the back,” says
Roland. The problem is that the armor gets corroded with
intense use and exposure to salt water.

Roland and Gamache found rust and corrosion start at
cracks in the paint. “You’ve got steel, rubber, steel—and
these things are thermally expanding and contracting dif-
ferently,” says Roland. “In addition to which, AAVs aren’t
driven like expensive Volvos; they’re banging into stuff —
and now you’ve got a way for water ingress.”

NRL showed that certain types of rubber, called poly-
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Dr Ray‘Gamache (left) and Dr. Mike Roland (right)

_of the U. S Naval Research Laboratory.

Amphibious assault vehicles (AAVs) demonstrate ship-to-shore connector
capabilities at Camp Pendleton. (Photo: USMC)

ureas, could better protect the armor from corrosion by
stretching with it, instead of cracking like brittle paint.
They also showed polyurea coatings slow bullets and
blast fragments. “They take kinetic energy from the bul-
let,” says Roland. “So the bullet, to keep penetrating, it’s
meeting an increasingly resistant medium. And if it slows
down enough — it always makes it to the steel plate, but
it doesn’t have enough velocity to get through it.”

NRL'’s research could help extend the life of today’s AAVSs,

and may also guide the next generation of ship-to-shore
connectors. “We solved the corrosion problem,” says
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Roland. “And with a negligible increase in weight, we also
provided a higher payload capacity and the potential for
better ballistic protection.”

By exposing steel test pieces to salt water in their lab, Ro-
land and Gamache showed that polyurea protects armor
from corrosion much better than paint does.

The U.S. Naval Research Laboratory coated steel samples
of amphibious assault vehicle armor with paint or polyurea,
bent some of them, and exposed them to salt water at its
Key West corrosion testing facility. On the bent pieces, “the
paints tend to crack,” says Dr. Mike Roland, who led the
project. “The polyureas don't because they're elastomeric,
rubbery.”

“We wanted to simulate what happens in the field, so we
bent some of the test pieces,” says Roland. In addition

to flat test pieces, “we had a gentle bend and we had a
90° acute bend.” They tested five coatings: two types

of paint, a polyurea NRL has been using in other armor
applications, and two polyureas developed by a private
company. “We set up aquarium tanks filled with sea water.
We raised the temperature to 40 and 50 degrees centi-
grade [104 and 122 °F], just to accelerate the corrosion,
and we bubbled air so there was plenty of oxygen.”

The polyurea worked much better than paint. “If you just
put the plate in flat, they’ll all work,” says Roland. But with
the bent pieces, “the paints tend to crack. The polyureas
don’t because they’re elastomeric, rubbery; so they
stretch and don’t open up a pathway for the water.”

While having a long-term solution is very important, the
USMC also needs to know how best to maintain the AAVs
in use now. “We quantified how much they’re going to
lose, in ballistic performance, with the corrosion,” says
Roland. “This will guide the Marine Corps as to when
they need to replace or repair the armor, saving a lot of
money.”
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NRL continues to monitor samples in actual seawater
troughs at NRL's Key West corrosion testing facility. “The
ones that performed the best in salt water tanks in the lab
are performing best at Key West,” says Roland.

Polyureas aren’t as common as conventional rubbers;

but if you’ve seen a pickup truck bed-liner, you’ve seen a
polyurea. Conventional rubbers, polyurethanes, are isocy-
anate covalently reacted with an alcohol. “But if you react
[isocyanate] with an amine, you get urea,” says Roland.
“Polyurea is better because it’s got a lot more hydrogen
bonding.”

The hydrogen bonds are weak, compared to covalent
bonds, so they break first. “That’ll alleviate stress,” says
Roland, “and maybe your covalent bonds, the polymer
chains themselves, remain intact. And the beauty of the
hydrogen bonds is they’ll reform; so when you remove
the load, you don’t have any permanent damage.” That
makes it multi-hit capable.

“In conventional materials, you can have something
that’s really stiff but doesn’t stretch much; or you can
have something really soft, like silly putty, and it stretches
a lot,” says Roland. “Polyureas, they can stretch to 10
times their original length, but the force it takes to do that
is enormous — so you get toughness, the best of both
worlds.”

After completing his Ph.D. in physical chemistry at Penn
State, Roland worked for a rubber company and then
joined NRL in 1986. “Most of our [basic research] is mak-
ing dielectric measurements under extreme pressure and
temperature conditions,” he says, “so we’re looking at
how molecules move.” He’s often asked why the Depart-
ment of Defense would fund that kind of research.

“Elastomer applications for armor have to do with
perturbing [molecules] faster than they can move. Well,
how do we know how they move? It's the kind of studies
we’ve been doing for 20 years — basic science, pub-
lishing papers — that gives us the background to un-
derstand, when we get an elastomer-coated armor, why
certain rubbers work and others don’t.” Or gives them
the ability to creatively solve a corrosion problem, with
polyurea, instead of limiting the focus to paint.

Roland thinks NRL'’s basic research is one of its core
strengths. “That’s what enables NRL to attract really good
people, because often coming out of grad school with a
Ph.D., people want to do basic science,” he says. “It’s
only after being exposed to applied problems that they
find, hey this is really fun, | can actually see something
I've done — like this armor.”
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The U.S. Naval Research Laboratory (NRL) demon-
strated some of its groundbreaking technologies at the
first ever Department of Defense (DoD) Lab Day, held

at the Pentagon in Washington, D.C. on May 14, 2015.
The goal of the event was to increase awareness of DoD
laboratory research projects and technology innovations
with Pentagon senior leaders, members of Congress,
participating local high school students, news media, and
DoD employees.

“NRL is a place where the basic research for the next
generation of capabilities is getting done — but we’re also
applying that knowledge, right now, to solve problems for
today’s fleet,” says Captain Mark Bruington, Command-
ing Officer of NRL. “You want a tougher armor, a better
awareness of what’s over your horizon? At NRL, we’re
doing that.”

DoD Lab Day is designed to increase understanding of
the complexity and diversity of defense laboratories. The
products of 38,000 scientists and engineers at more than
60 labs across 22 states provide vital support to many
missions, including global disaster relief and peace-
keeping efforts.

NRL — along with the Army, Marine Corps, Air Force, and
medical organizations —provided visitors with a rare look
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at more than 100 innovations that are advancing the capa-
bilities of our nation’s military. Many of these innovations
were sponsored by the Office of Naval Research and other
funding organizations.

“The nation’s top scientists come here and they stay here
because the work is rewarding,” says Dr. John Mont-
gomery, Director of Research at NRL. “We bring together
the best minds and give them the freedom they need to
pursue these wild and interesting ideas. They collaborate
with each other, and they form close relationships with the
warfare centers and military users — that’s where the real
innovation and game-changing solutions catch fire.”

NRL is advancing research in the areas most of interest

to the Navy and Marine Corps, including autonomous

and unmanned systems, alternative energy, information
dominance, power projection, and warfighter performance.
Providing the men and women in harm’s way with what
they need is one way to keep America and her allies always
at the advantage, and NRL is proud of its 90-year legacy.

At DoD lab day, NRL demonstrated:
Vantage: an airborne, unmanned platform to support elec-

tronic warfare and intelligence, surveillance, and reconnais-
sance missions.
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CICADA: an unmanned glider, nearly undetectable, that
delivers payloads to precise waypoints.

Helmet Modifications to Mitigate Traumatic Brain
Injury (TBI): DoD is providing the best possible equip-
ment to warfighters, but NRL is always looking for better
solutions.

WindSat: a large satellite, in orbit today, that provides
ocean surface wind vecotor measurements and other
environmental parameters to help weather predictions.

Principal Deputy, Assistant Secretary of Defense
for Research and Engineering, Alan Shaffer
spoke at the opening ceremony for DoD Lab Day.

The event was hosted by Mr. Frank Kendall,
the Under Secretary of Defense for Acquisition,
Technology, and Logistics.

2016 NRL REVIEW |
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Director of Research Choice

This is an image of quantum dots, tiny bits of semi-
conductors just a few nanometers in diameter. A billion of
them could fit on the head of a pin. Because they're so

tiny, quantum dots have some unusual materials properties
— especially electrical and optical ones — thanks to the
quantum effects that kick in at smaller size scales. The color
and brightness of the dots comes from their tunablity, i.e.,
researchers can pretty much tune the dots to emit whatever
frequency of visible light they need for a given application,
simply by altering the size of the dots. The most obvious
application is using quantum dots as an alternative to the
organic dyes used to tag reactive agents in fluorescence-
based biosensors.

Lauren Field, James Delehanty, Kimihiro Susumu,
and Igor Medintz
Center for Bio/Molecular Science and Engineering
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NRL — OUR HERITAGE

The early 20th century founders of the Naval
Research Laboratory (NRL) knew the importance of
science and technology in building naval power and
protecting national security. They knew that success
depended on taking the long view, focusing on the
long-term needs of the Navy through fundamental
research. NRL began operations on July 2, 1923, as the
United States Navy’s first modern research institution,
and it continues today as one of the Navy’s premier
research and development centers.

Thomas Edison’s Vision: The first step came in
May 1915, a time when Americans were deeply worried
about the great European war. Thomas Edison, when
asked by a New York Times correspondent to comment
on the conflict, argued that the Nation should look to
science. “The Government,” he proposed in a published
interview, “should maintain a great research labora-
tory....In this could be developed...all the technique
of military and naval progression without any vast
expense.” Secretary of the Navy Josephus Daniels seized
the opportunity created by Edison’s public comments
to enlist Edison’s support. He agreed to serve as the
head of a new body of civilian experts — the Naval
Consulting Board — to advise the Navy on science
and technology. The Board’s most ambitious plan was
the creation of a modern research facility for the Navy.
Congress allocated $1.5 million for the institution in
1916, but wartime delays and disagreements within the
Naval Consulting Board postponed construction until
1920.

The Laboratory’s two original divisions — Radio
and Sound — pioneered in the fields of high-frequency
radio and underwater sound propagation. They pro-
duced communications equipment, direction-finding
devices, sonar sets, and perhaps most significant of all,
the first practical radar equipment built in this country.
They also performed basic research, participating, for
example, in the discovery and early exploration of the
ionosphere. Moreover, the Laboratory was able to work
gradually toward its goal of becoming a broadly based
research facility. By the beginning of World War II, five
new divisions had been added: Physical Optics, Chemis-
try, Metallurgy, Mechanics and Electricity, and Internal
Communications.

World War II Years and Growth: Total employment
at the Laboratory jumped from 396 in 1941 to 4400 in
1946, expenditures from $1.7 million to $13.7 million,
the number of buildings from 23 to 67, and the number
of projects from 200 to about 900. During WWII, sci-
entific activities necessarily were concentrated almost
entirely on applied research. New electronics equipment
— radio, radar, sonar — was developed. Countermea-
sures were devised. New lubricants were produced, as
were antifouling paints, luminous identification tapes,
and a sea marker to help save survivors of disasters at
sea. A thermal diffusion process was conceived and used
to supply some of the **U isotope needed for one of the
first atomic bombs. Also, many new devices that devel-
oped from booming wartime industry were type tested
and then certified as reliable for the Fleet.

The Naval Research Laboratory was conceived in 1915 during a correspondence between the Secretary of the Navy, Jose-
phus Daniels (seated at his desk on the right), and Thomas Edison, who is shown here standing at his desk.
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The Naval Consulting Board and Navy Department officials surround Thomas Edison and Josephus Daniels, who are
seated behind the desk.
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Post-WWII Reorganization: The United States
emerged into the postwar era determined to con-
solidate its significant wartime gains in science and
technology and to preserve the working relationship
between its armed forces and the scientific community.
While the Navy was establishing its Office of Naval
Research (ONR) as a liaison with and supporter of
basic and applied scientific research, it was also encour-
aging NRL to broaden its scope and become, in effect,
its corporate research laboratory. There was a transfer
of NRL to the administrative oversight of ONR and a
parallel shift of the Laboratory’s research emphasis to
one of long-range basic and applied investigation in a
broad range of the physical sciences.

However, rapid expansion during WWII had left
NRL improperly structured to address long-term Navy
requirements. One major task — neither easily nor

Secretary Daniels breaks ground for Building 1 in 1920.

rapidly accomplished — was that of reshaping and
coordinating research. This was achieved by transform-
ing a group of largely autonomous scientific divisions
into a unified institution with a clear mission and a
fully coordinated research program. The first attempt
at reorganization vested power in an executive com-
mittee composed of all the division superintendents.
This committee was impracticably large, so in 1949, a
civilian director of research was named and given full
authority over the program. Positions for associate
directors were added in 1954, and the laboratory’s 13
divisions were grouped into three directorates: Elec-
tronics, Materials, and Nucleonics.

The Breadth of NRL: During the years since

World War II, the Laboratory has conducted basic and
applied research pertaining to the Navy’s environments

2016 NRL REVIEW | the naval research laboratory
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of earth, sea, sky, space, and cyberspace. Investiga-
tions have ranged widely — from monitoring the Sun’s
behavior, to analyzing marine atmospheric conditions,
to measuring parameters of the deep oceans. Detec-
tion and communication capabilities have benefited by
research that has exploited new portions of the elec-
tromagnetic spectrum, extended ranges to outer space,
and provided a means of transferring information
reliably and securely, even through massive jamming.
Submarine habitability, lubricants, shipbuilding materi-
als, firefighting, and the study of sound in the sea have
remained steadfast concerns, to which have been added
recent explorations within the fields of virtual reality,
superconductivity, biomolecular science and engineer-
ing, and nanotechnology.

The Laboratory has pioneered naval research into
space — from atmospheric probes with captured V-2
rockets, through direction of the Vanguard project
(America’s first satellite program), to inventing and
developing the first satellite prototypes of the Global
Positioning System (GPS). Today, NRL is the Navy’s
lead laboratory in space systems research, as well as
in fire research, tactical electronic warfare, microelec-
tronic devices, and artificial intelligence.

The consolidation of NRL and the Naval Oceano-
graphic and Atmospheric Research Laboratory, with
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NRL in its first year, 1923. Building 1, which housed the
Laboratory’s first research spaces, stands by itself on the left.
| Starting from the bank of the Potomac River and forming a
line opposite Building 1 is the coal-fired power station, pattern
shop, foundry, and machine shop.

=~ NRLin the 21st century. In its more than 90 years, NRL
has evolved into a large research and development
campus with some 100 buildings and nearly 2500 full-time
employees, more than half of which hold master’s or
doctoral degrees.

centers at Bay St. Louis, Mississippi, and Monterey,
California, added critical new strengths to the Labora-
tory. NRL now is additionally the lead Navy center

for research in ocean and atmospheric sciences, with
special strengths in physical oceanography, marine
geosciences, ocean acoustics, marine meteorology, and
remote oceanic and atmospheric sensing.

The Twenty-First Century: The Laboratory is
focusing its research efforts on new Navy strategic
interests in the 21st century, a period marked by global
terrorism, shifting power balances, and irregular and
asymmetric warfare. NRL scientists and engineers
are working to give the Navy the special knowledge,
capabilities, and flexibility to succeed in this dynamic
environment. While continuing its programs of basic
research that help the Navy anticipate and meet future
needs, NRL also moves technology rapidly from
concept to operational use when high-priority, short-
term needs arise — for pathogen detection, lightweight
body armor, contaminant transport modeling, and
communications interoperability, for example. The
interdisciplinary and wide-ranging nature of NRLs
work keeps this “great research laboratory” at the
forefront of discovery and innovation, solving naval
challenges and benefiting the nation as a whole.



NRL TODAY

ORGANIZATION AND ADMINISTRATION

The Naval Research Laboratory is a field command
under the Chief of Naval Research, who reports to the
Secretary of the Navy via the Assistant Secretary of the
Navy for Research, Development and Acquisition.

Heading the Laboratory with joint responsibili-
ties are CAPT Mark C. Bruington, USN, Commanding
Officer, and Dr. Edward R. Franchi, Acting Director of
Research. Line authority passes from the Commanding
Officer and the Director of Research to three Associate
Directors of Research, the Director of the Naval Center
for Space Technology, and the Associate Director for
Business Operations. Research divisions are organized
under the following functional directorates:

o Systems

« Materials Science and Component Technology

o Ocean and Atmospheric Science and

Technology
« Naval Center for Space Technology

The NRL Fact Book, published every two years,
contains information on the structure and functions of
the directorates and divisions.

NRL operates as a Navy Working Capital Fund
(NWCEF) Activity. All costs, including overhead, are
charged to various research projects. Funding in FY15
came from the Chief of Naval Research, the Naval
Systems Commands, and other Navy sources; govern-
ment agencies such as the U.S. Air Force, the Defense
Advanced Research Projects Agency, the Department of
Energy, and the National Aeronautics and Space Admin-
istration; and several nongovernment activities.

PERSONNEL DEVELOPMENT

At the end of FY15, NRL employed 2626 persons —
32 officers, 56 enlisted, and 2538 civilians. In the research
staff, there are 891 employees with doctorate degrees, 429
with master’s degrees, and 583 with bachelor’s degrees.
The support staff assists the research staff by providing
administrative support, computer-aided design, machin-
ing, fabrication, electronic construction, publication and
imaging, personnel development, information retrieval,
large mainframe computer support, and contracting and
supply management services.

Opportunities for higher education and other profes-
sional training for NRL employees are available through
several programs offered by the Employee Relations
Branch. These programs provide for graduate work
leading to advanced degrees, advanced training, college
course work, short courses, continuing education, and
career counseling. Graduate students, in certain cases,
may use their NRL research for thesis material.

For non-NRL employees, several postdoctoral
research programs exist. There are also agreements
with several universities for student opportunities, as
well as summer and part-time employment programs.
Summer and interchange programs for college faculty
members, professional consultants, and employees of
other government agencies are also available. These
programs are described in the NRL Review chapter
“Programs for Professional Development.”

NRL has active chapters of Women in Science and
Engineering (WISE), Sigma Xi, Toastmasters Inter-
national, and the Federal Executive and Professional
Association. An amateur radio club, a drama group,
and several sports clubs are also active. NRL has a
Recreation Club that provides gymnasium and weight-
room facilities. NRL also has an award-winning Com-
munity Outreach Program. See “Programs for Profes-
sional Development” for details on all these programs
and activities.

NRL has its very own credit union. Established
in 1946, NRL Federal Credit Union (NRLFCU) is a
sound financial institution that serves over 22,000
members including NRL employees, contractors, select
employee groups and their families as well as consum-
ers via the American Consumer Council. Focusing
on its mission of Trusted Partners for Life, NRLFCU
provides many free and low-cost products and services
including free checking with free bill pay, Visa Check-
Card, and mobile banking with remote deposit, auto
and personal loans, credit cards, mortgages, and more.
NRLFCU offers direct deposit, online access, and
local branches (including one in Bulding 222, one in
Waldorf, MD, and one in Alexandria, VA). Addition-
ally, members have nationwide access via the National
Shared Branch Network program, as well as surcharge-
free access to over 335,000 ATMs via particpating
networks. NRLFCU also offers personalized full-
service investment and brokerage services. For more
information, call 301-839-8400 or visit nrlfcu.org.

Public transportation to NRL is provided by
Metrobus. Metrorail service is three miles away.

SITES AND FACILITIES

NRIs main campus in Washington, D.C., consists
of 90 main buildings on about 131 acres. NRL also
maintains 15 other research sites, including a vessel
for fire research and a Flight Support Detachment.
The many diverse scientific and technological research
and support facilities are described here. More details
can be found in the NRL Major Facilities publication at
www.nrl.navy.mil.
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he revolutionary opportunities available in

nanoscience and nanotechnology led to a National

Nanotechnology Initiative in 2001. In that same
year, the NRL Institute for Nanoscience was established.
The prospect for nanoscience to provide a dramatic
change in the performance of materials and devices was
the rationale for identifying this emerging field as one of
the Department of Defense strategic research areas for
basic research funding on a long-term basis.

The mission of the NRL Institute for Nanoscience is
to conduct highly innovative, interdisciplinary research
at the intersections of the fields of materials, electronics,
chemistry, and biology in the nanometer size domain.
The Institute exploits the broad multidisciplinary char-
acter of the Naval Research Laboratory to bring together
scientists with disparate training and backgrounds to
pursue common goals at the intersection of their respec-
tive fields in systems at this length scale. The Institute
provides the Navy and DoD with scientific leadership in
this complex, emerging area and identifies opportuni-
ties for advances in future defense technology. NRL’s
nanoscience research programs and accomplishments
directly impact nearly all Naval S&T focus areas.
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The Institute’s current research program empha-
sizes multidisciplinary, cross-division efforts in a wide
range of science and technology applications:

o Ultra-low-power electronics

o Quantum information processing
o Chemical signaling

 Energy conversion/storage

« Photonics/plasmonics

« Multifunctional materials

o Biomimetics

« Bio/inorganic hybrid materials

The Institute for Nanoscience building, opened in
October 2003, provides NRL scientists access to state-
of-the-art laboratory space and fabrication facilities.
The building has 5000 ft* of Class 100 clean room space
for device fabrication, 4000 ft* of “quiet” lab space with
temperature controlled to +0.5 °C, acoustic isolation
at the NC35 standard (35 dB at 1 kHz), floor vibration
isolation to <150 um/s rms at 10 to 100 Hz and <0.3
mOe magnetic noise at 60 Hz, and 1000 ft* of “ultra-
quiet” laboratory space with temperature controlled
to £0.1 °C and acoustic isolation at the NC25 standard



(25 dB at 1 kHz). Equipment includes a complete
suite of fabrication tools including deposition and
etch systems, optical mask aligners, two electron beam
writers, a three-dimensional nanolithography tool, a
focused ion beam writer, an optical pattern generator

Institute for Nanoscience clean room.

The Institute for Nanoscience research building.
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for mask making, a plasma-enhanced atomic layer
deposition system, a laser machining tool, and a wide
variety of characterization tools including an
aberration-corrected transmission electron microscope.
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place of U.S. radar” and for nearly a century has

maintained its reputation as a leading center for
radar-related research and development. A number of
facilities managed by NRLs Radar Division continue to
add to this reputation.

A major Division asset is the Antenna and Radar
Cross Section (RCS) Measurement Facility capable of
characterizing the radiation and impedance properties
of antenna systems, performing RCS measurements,
and measuring the s-parameters of RF-system compo-
nents. This facility consists of two separate measurement
resources, a compact range and an anechoic chamber,
each providing multiple measurement options for fre-
quencies in the range of 2 to 110 GHz. The compact
range reflector simulates far-field conditions in a
cylindrical quiet zone (phase error < 10°) with an 8 ft
diameter and 8 ft length for RCS measurements and also
has a near-field scanner capable of planar, cylindrical,
or spherical nearfield antenna characterizations. The
anechoic chamber provides far-field antenna patterns and
s-parameter measurements of RF system components

N RL has gained worldwide renown as the “birth-
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Multifunction Radio Frequency (MRF) Testbed

and has a second smaller near-field scanner for antenna
characterizations.

Another significant Division asset is the Computa-
tional Electromagnetics (CEM) Facility, which supports
complex, high-fidelity electromagnetic modeling of naval
platforms, targets, and antennas. The facility produces
detailed estimates of the radar cross section of ships.

The Radar Division developed the Radar Target Signa-
ture (RTS) model specifically for calculating the radar
signature of ships in a sea multipath environment. RTS
calculates the radar signatures of large objects using com-
puter models that describe the geometry and material
properties of the objects. The radar signature of smaller
objects, such as phased array antennas, can be accurately
calculated using any of several low frequency computa-
tional electromagnetic software packages available within
the facility. The facility contains a Linux cluster of 75
Apple Mac Pro computers with a total of 840 processors
and 3.4 TB of physical memory. The CEM Facility also
has multiple-CPU supercomputers used to design phased
array antennas. This provides for tremendous synergism
between the CEM group and the Antenna and Radar
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Cross Section Measurement Facility. Innovative and
novel designs generated in the CEM environment transi-
tion immediately for assessment in the compact range.
This rapid feedback between theoretical and experi-
mental development shortens the development cycle

for new and novel antenna designs using new materials.
The Division has a revitalized radar imaging and signal
processing facility utilizing multicore PCs running both
Linux and Windows operating systems. The Division
supports operational systems by developing algorithms
for synthetic aperture radar (SAR) and inverse SAR
(ISAR) imaging and detection of difficult targets in harsh
clutter environments. Software is available for real-time
playback of ISAR data and offline processing of SAR data
stored on RAID systems with a current online capacity
of 96 TB. The systems are connected by a high-speed
network. Data is obtained from sponsors or collected
using a number of fleet assets, to include the AN/APS-
153(V)5.

In support of ship-based radar applications, the
Division operates the Radar Test Facility at the Chesa-
peake Bay Detachment (CBD) near Chesapeake Beach,
Maryland. The site has the AN/SPS-49A(V)1 long-range
air search radar that is used to support R&D as well as
fleet initiatives. The radar has been instrumented with a
“sidecar” signal processor that supports the development
and evaluation of new signal processing concepts. A new
asset is the S-Band Waveform Development Testbed.
This system operates with up to a 400 MHz instanta-
neous bandwidth using arbitrary waveforms and can be
used for investigating advanced waveforms and signal
processing for clutter and interference mitigation. With
a 43 dB gain monopulse antenna, the system can collect
data from representative targets at operationally relevant
ranges.

The Multifunction Radio Frequency (MRF) test bed
at CBD is a Systems Directorate installation operated
by the Radar Division, with extensive collaboration and
contributions from other NRL divisions and industry
partners. The facility was originally established as the test
bed for the Advanced Multifunction Radio Frequency
Concept (AMREFC) prototype. It was subsequently
modified to add the Multifunction Electronic Warfare
(MFEW) Advanced Development Model (ADM), and
most recently expanded to incorporate several Integrated
Topside (InTop) and Electromagnetic Maneuver Warfare
Command & Control (EMC2) prototypes now in
development. The goal of these Office of Naval Research
(ONR) sponsored programs is to demonstrate the inte-
gration of multiple shipboard RF functions, including
radar, electronic warfare (EW), information operations
(I0), communications (Comms), and other legacy and

newly developed RF capabilities by utilizing a common
pool of resources including broadband array antennas,
signal and data processing, and signal generation and
display hardware controlled by standardized resource
allocation management software. The test bed operates
over a very wide range of frequencies. The MRF facility
consists of interconnected shipping containers modified
to house the various multifunction systems and support
their associated arrays; a central operator control space;
dedicated power and cooling facilities; cabling and
system interconnect infrastructure; and administra-
tive, maintenance, and security spaces. The array faces
are mounted on pallets at a 15° tilt-back to emulate
shipboard installation, and overlook the Chesapeake
Bay, facing east in the direction of the Tilghman Island
test range on the Maryland Eastern Shore. Presently
installed systems include the original AMREFC test bed,
and the MFEW and InTop EW/IO/Comm ADMs. New
InTop prototypes in development include the Flexible
Distributed Array Radar (FlexDAR), the Submarine
Satellite Communications ADM, and the Low-Band RF
Intelligent Distribution Resource (LowRIDR) multifunc-
tion/multiband prototype. Space, power, and cooling
have been designed and reserved for these systems along
with additional capacity for future EMC2 MRF develop-
ments.

The Division originated the concept of high fre-
quency over-the-horizon radar and continues to make
significant contributions to the field today. It has access
to the Navy’s AN/TPS-71 Relocatable Over-the-Horizon
Radar (ROTHR) and in addition to providing direct
technical support for the program, data collected by the
radar is used to support improvements to the systems as
well as to evaluate new and innovative HF radar con-
cepts. The Division has recently developed a relocatable
high frequency surface wave radar that is used to explore
phased array antenna geometries and associated beam-
forming concepts.

S-Band Waveform Development Testbed.
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Information Technology

The DynamiciSpectrum Access Laboratory utilizes a
Universa’ll Sofﬁtl\lllvare Radio Peripheral environment, allowing
scientistsito c':"t')'r"n]duct communications-based spectrum

utiIizatior'i';\iarnd*]‘}la’i‘ficiency simulations prior to field testing.
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conducts basic research, exploratory develop-

ment, and advanced technology demonstrations
in the collection, transmission, processing, dissemina-
tion, and presentation of information. ITD’s research
program spans the areas of artificial intelligence (AI),
autonomous systems, high assurance systems, tactical
and strategic computer networks, large data systems,
modeling and simulation, virtual and augmented
reality, visual analytics, human/computer interaction,
communication systems, transmission technology, and
high performance computing.

NRIs RF Communications Laboratory conducts
research in satellite communications systems and
modulation techniques, develops advanced systems
for line-of-sight communications links, and conducts
designs for the next generation of airborne relays. A
Voice Communication Laboratory supports the devel-
opment of tactical voice technology; a Mobile Network
Modeling Laboratory supports modeling, emulation,
development, and scenario-based performance evalua-

N RL’s Information Technology Division (ITD)
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tion of both tactical network and Mobile Ad Hoc Net-
working (MANET) capabilities; and a Dynamic
Spectrum Allocation/Cognitive Radio Technology Test
Lab provides the capability to analyze, test, and develop
dynamic, cognitive, networked tactical wireless commu-
nications capabilities that efficiently share and exploit
the spectrum. A Freespace Laser Communications
Laboratory supports the design and development of
prototype technical solutions for Naval laser communi-
cations requirements.

The Center for Computational Science (CCS) hosts
the high performance computing (HPC) and com-
munications efforts at NRL. CCS participates in the
DoD HPC Affiliated Research Center (ARC) program
providing supercomputer research access to NRL and
DoD customers. For high-performance networking, the
Center runs the Advanced Technology Demonstration
Network (ATDnet) in the Washington, D.C., metro
area that provides dark fiber access to research part-
ners. Other research supports high-speed connections
(tens to hundreds of Gbps). Current efforts range from
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mapping traditional large shared memory (SHMEM)
problems onto scalar computing systems to emerging
cloud architectures to extremely large storage (petabytes
and beyond).

CCS provides a full range of IT infrastructure to
support NRL-wide needs including web application
development and system support along with equipment
that supports a cable TV plant, SIPRNet, backbone fiber
based network, services and external connectivity to the
Defense Research and Engineering Network (DREN).
DREN is a high-bandwidth wide area network that
provides the communications path within the HPC com-
munity, to DoD networks and to the Internet. A current
research effort includes Openflow between multiple
DREN sites, including NRL.

The Autonomous Systems and Robotics Laboratory
provides the ability to develop and evaluate intelligent
software, hardware, sensors, and interfaces for human
interaction with autonomous systems. The lab includes
a number of ground and air platforms, as well as equip-
ment for evaluating interfaces, including eye trackers. A
variety of passive and active sensors support research in
perception for autonomous systems. The Audio Labora-
tory combines a state-of-the-art 3D sound environment
and multitask test bed for basic and applied human per-
formance studies and Navy information display research.
The core of the new Visual Analytics Laboratory is a
display wall composed of LCD tiles, which enable teams
of analysts to explore massive, diverse streams of data,
supporting research into the science of analytical reason-
ing facilitated by visual interfaces. The Service Oriented
Architecture Laboratory is used to investigate, prototype,
and evaluate flexible, loosely coupled Web services that
can be rapidly combined to meet dynamically changing
warfighter needs. The Behavioral Detection Laboratory

Octavia, one of three anthropomorphic robots at the Navy
Center for Applied Research in Artificial Intelligence, uses and
understands gestures in order to communicate in high noise
environments.

features a 50-node Cloud cluster to support the develop-
ment of algorithms, processes, and sensor suites associ-
ated with behavioral indicators of deception.

The Configurable Synthetic Merged Environments
(CSME, or Sesame) Laboratory enables the assessment
of Naval systems, individuals, and teams using virtual
prototyping techniques to simulate future warfighting
scenarios within surface, undersea, land (including man-
portable wearable gear), and air domains. Individuals and
teams are able to interact with each other and synthetic
entities in a realistic manner to improve training effec-
tiveness. The CSME Laboratory is a complement to the
Department of Navy’s warfighter performance portfolio.

The Navy Cyber Defense Research Laboratory
(NCDRL) provides a valuable resource for research
and development (R&D) into the broad spectrum of
Cyber, including Information Assurance (IA) and Com-
puter Network Defense (CND). R&D activities include
network security systems engineering, malicious code
analysis, penetration testing, and reverse engineering.

The Navy Cyber Defense Research Laboratory (NCDRL)
reconfigurable infrastructure.

Collectively, NCDRL aims to equip the cyber-warrior at
the front lines of defending the network with the tools
and capabilities needed to accomplish their mission,
while augmenting the information security posture of the
Navy and DoD.

NCDRL provides researchers access to a full range of
computing infrastructure which include general purpose
reconfigurable hardware, virtualization technologies,
traffic generation and emulation test beds, deep packet
inspection platforms, network intrusion detection/pre-
vention systems, continuous monitoring, and sandbox
instrumentation platforms. The environment is robust
enough to support testing of a wide array of developmen-
tal security technologies as well as USN/DoD IA initia-
tives (COTS/GOTS) which are vigorously assessed prior
to production deployments.
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Optical Sciences
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of basic and applied research in optics and

electro-optics. Areas of concentration include
fiber-optic sensing, development of optical materials
and sensors for the visible and infrared (IR) spectral
regions, integrated optical devices, signal processing,
optical communications, panchromatic and hyper-
spectral imaging for surveillance and reconnaissance,
and laser development. Collectively, these technologies
form the core of advanced data gathering and commu-
nications equipment, designed to aid both the Fleet and
the larger Department of Defense community.

To maintain its technical edge in these areas,
Optical Sciences maintains a variety of advanced facili-
ties and equipment for manufacturing, testing, and
characterizing optical devices and systems.

The Advanced Thin Films Laboratory is a world-
class facility for the growth and characterization of
optical thin films. The primary deposition system is a
cluster tool consisting of interconnected high vacuum
chambers, allowing complex, heterogeneous, multilayer
films to be deposited without breaking vacuum during
processing. The system includes a glove box, sample

The Optical Sciences Division has a broad program
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distribution robot, sputtering chambers for chalcogen-
ide materials and oxides, evaporators for metals and
dielectrics, an ultrahigh vacuum optical characteriza-
tion chamber, an atomic layer deposition chamber
with oxide and sulfide capability, and a mask changing
module to enable layers to be patterned in situ, elimi-
nating interfacial defects that result from exposure to
air.

Other deposition tools within the Advanced Thin
Films Laboratory include a stand-alone thermal evapo-
rator for the deposition of IR-transparent chalcogenide
glasses, a stand-alone sputterer, and a custom system
for deposition on optical fiber. The laboratory also
contains a suite of optical, electronic, and thin film
characterization equipment. Upgrades are currently
underway to install a plasma-enhanced metal-organic
chemical vapor deposition system and expanded wet
synthesis capability.

The Ultrashort Laser Facility permits experiments
to measure the optical nonlinear response of different
materials to ultrashort laser pulses. The information
learned from such experiments helps in the develop-
ment of materials that can be used for optical telecom-
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munications, for the protection of sensors and human
eyes from hostile laser irradiation, and for the develop-
ment of new active laser sources.

Other recently added facilities include the Optical
Fiber Preform Fabrication Facility for making doped
and undoped, multimode, single-mode, multicore,
and photonic crystal glass preforms at temperatures as
high as 2300 °C; the Surface Characterization Facility
for ultraviolet and X-ray photoemission spectroscopy,
atomic force and scanning tunneling microscopy
(STM), and STM-induced light emission measure-
ments; and the molecular beam epitaxial growth system
dedicated to infrared lasers and detectors based on
GaSb/InAs/AlSb quantum well and superlattice struc-
tures.

In addition, an extensive set of laboratories exists
to develop and test new laser and nonlinear frequency
conversion concepts and to evaluate nondestructive test
and evaluation techniques. Fiber-optic sensor testing
stations include acoustic test cells and a three-axis
magnetic sensor test cell. There is also an Ultralow-
loss Infrared Fiber-Optic Waveguide Facility using
high-temperature IR glass technology. The facilities for
ceramic optical materials include powder preparation,
vacuum presses, and a 50-ton hot press for sintering.

The Focal Plane Array Evaluation Facility allows
measurement of the optical and electrical character-
istics of infrared focal plane arrays being developed Scientist_s work o_n the alignment of an experiment designed
for advanced Navy sensors. The IR Missile-Seeker to quantify material response to ultrashort laser pulses.
Evaluation Facility performs open-loop measurements
of the susceptibilities of IR tracking sensors to optical
countermeasures. An ultra-high-vacuum multichamber
deposition apparatus is used for fabrication of electro-
optical devices and can be interlocked with the Surface
Characterization Facility.

Molecular beam epitaxy (MBE) system dedicated to
quantum confined GaSb/InAs/AISb structures for midwave
infrared laser development.

The Optical Sciences Division develops and fields numerous
electro-optical/infrared systems. Clockwise from left: 360-de-
gree panoramic periscope for Virginia-class submarines;
Distributed Aperture Infrared Countermeasure (DAIRCM); ad-
vanced hyperspectral imaging systems ranging from extremely
small (ounces) to large, long-range cameras (>100 Ib).
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Tactical Electronic Warfare

-

Learjet with simulators during RIMPAC exercises.

program for electronic warfare (EW) research

and development covers the entire electro-
magnetic spectrum. The program includes technol-
ogy research and advanced developments and their
applicability to producing EW products for the Fleet.
The range of ongoing activities includes components,
techniques, and subsystems development as well as
system conceptualization, design, and EW effective-
ness evaluation. The focus of the research activities
extends across the entire breadth of the battlespace.
These activities emphasize providing the methods and
means to detect and counter enemy hostile actions
via threat neutralization — from the beginning, when
enemy forces are being mobilized for an attack, through
to the final stages of the engagement. In conducting
this program, the TEW Division employs an extensive
array of special research and development laboratories,
anechoic chambers, and modern computer systems
used for modeling and simulation. Dedicated field sites
and airborne platforms allow for the conduct of field
experiments and operational trials. This combination
of scientists, engineers, and specialized facilities also
supports the innovative use of all Fleet defensive and
offensive EW assets currently available to operational
forces.

The Tactical Electronic Warfare (TEW) Division’s
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Radio Frequency
Countermeasures
anechoic chamber
for EW testing.
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The Central Target Simulation Facility is a high-perfor-
mance, hardware-in-the-loop simulator for real-time closed-
loop testing and evaluation of electronic warfare systems
and techniques to counter the antiship missile threats.

TEWD develops and implements advanced visualization
tools to support EW systems development and analysis.

TEWD engineers
prepare for
dynamic testing of
the 4000 Ib
Roll-Pitch
Stabilized Antenna
System mounted
on NRL'’s Ship
Motion Simulator
located at the
Chesapeake Bay
Detachment facility.

EATES — Electronic Attack Technique Evaluation System,
a stand-alone portable EA testing system.

NRL research physicist aligning the TEWD 30 TW Ti:Sapphire
laser system.

XFC prototype in flight under fuel cell power.
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he Laboratories for Computational Physics and

Fluid Dynamics (LCP&FD) is staffed by physi-

cists, engineers, and computer scientists who
develop software and use high-performance computers
to solve priority problems for the Navy, the Department
of Defense, and the nation when existing capabilities
and available commercial software prove inadequate to
the application. For example, the LCP&FD developed
the CT-Analyst crisis management software (figure
above) so that first responders can have instant predic-
tions of an airborne contaminant spread in an urban
environment.

The LCP&FD maintains a very powerful collection
of computer systems applied to a broad collection of
work. There are currently 3296 clustered x86_64 cores
and their associated support systems. In addition there
are over 40 Apple workstations in the group, most of
which are capable of large calculations both indepen-
dently and in parallel ad hoc clusters.

There are five 64-bit x86 multicore distributed
memory clusters, each well coupled with Infiniband
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high-speed switched interconnect. Three of the clusters
contain manycore coprocessors. The newest system
consists of 136 Intel Xeon Phi coprocessors. The
second consists of 16 NVIDIA Maxwell class GPUs
and 70 Intel Xeon Phi coprocessors. The third system
is comprised of 88 NVIDIA Fermi class GPUs. All of
the manycore processors are tightly coupled to their
associated x86_64 multicore processor nodes. A Scale
MP based shared memory machine is available for large
memory processing.

All systems share 250 terabytes of storage for
use during a simulation and at least one gigabyte of
memory per processor core. All unclassified systems
share a common disk space for home directories as well
as 3 terabytes of AFS space.

L.{mglc




The computed flow field inside a rotating detonation engine
with mixture plenum (bottom), injector plate and injectors
(center), and combustion chamber (top). This new class of en-
gines has been investigated computationally and been shown
to have the potential to reduce fuel consumption by 25%
while providing the same performance as current gas-turbine
engines.

Development of bio-inspired unmanned underwater vehicle
(UUV) propulsion and control mechanisms is accomplished us-
ing unsteady three-dimensional computational fluid dynamics
(CFD) tools. These designs and the subsequent construction
of the bio-robotic mechanisms are expanding the envelope of
unmanned air and sea vehicle performance.

o7s
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Simulations using the NRL developed JENRE a5
code show that it predicts supersonic jet flow
features and noise very accurately. Here the o
computed (top half of picture) cross-sectional
jet velocity is compared to the experimentally 025
measured data (bottom half).
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Pressure contours resulting from blast interaction with a
helmeted head. The shock wave approaches from the front
(left) and envelopes the geometry; the boundary between
ambient (dark blue) and post-shock (green) air is seen at the
top and bottom right. Interacting shock reflections from the
face, helmet, and torso generate high pressures (red) on the
neck below the chin.
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Chemistry

The Chemistry Division’s NanolR combines an atomic force
microscope for topographic imaging with infrared chemical

analysis and mapping with submicron spatial resolution.
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RL has been a major center for chemical

research in support of naval operational

requirements since the late 1920s. The Chem-
istry Division continues this tradition. The Chemistry
Division conducts basic research, applied research, and
development studies in the broad fields of diagnostics,
dynamics, synthesis, materials, surface/interfaces, envi-
ronment, corrosion, combustion, and fuels. Specialized
programs currently within these fields include the
synthesis and characterization of organic and inorganic
materials, coatings, composites, nondestructive evalu-
ation, surface/interface modification and characteriza-
tion, nanometer structure science/technology, chemical
vapor processing, tribology, solution and electrochem-
istry, mechanisms and kinetics of chemical processes,
analytical chemistry, theoretical chemistry, decoy
materials, radar-absorbing materials/radar-absorbing
structures (RAM/RAS) technology, chemical/biologi-
cal warfare defense, atmosphere analysis and control,
environmental remediation and protection, corrosion
science and engineering, marine coatings, personnel
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protection, and safety and survivability. The Division
has several research facilities.

Chemical analysis facilities include a wide range of
modern photonic, phononic, magnetic, electronic, and
ionic-based spectroscopic/microscopic techniques for
bulk and surface analysis.

The Magnetic Resonance Facility includes
advanced high-resolution solid-state nuclear magnetic
resonance (NMR) spectroscopy techniques to observe
nuclei across much of the periodic table and provides
detailed structural and dynamical information.

The Nanometer Characterization/Manipulation
Facility includes fabrication and characterization
capability based on scanning tunneling microscopy/
spectroscopy, atomic force microscopy, and related
techniques.

The Materials Synthesis/Property Measurement
Facility has special emphasis on polymers, surface-film
processing, and directed self-assembly.

The Chemical Vapor and Plasma Deposition Facil-
ity is designed to study and fabricate materials such as



diamond using in situ diagnostics, laser machining,
and plasma deposition reactors.

The Navy Fuel Research Facility performs basic
and applied research to understand the underlying
chemistry that impacts the use, handling, and storage
of current and future Navy mobility fuels.

Fire research facilities include a 11,400 ft* fire
research chamber (Fire I) and the 457 ft ex-USS
Shadwell (LSD 15) advanced fire research ship. Com-
mensurate support has been devoted to survivability of
the new classes of ships, DDX, LPD 17, LCS, CVNX,
and LHA(R).

The Marine Corrosion and Coatings Facility
located on Fleming Key at Key West, Florida, offers
a “blue” ocean environment and unpolluted, flowing
seawater for studies of environmental effects on mate-
rials. Equipment is available for experiments involving
accelerated corrosion and weathering, general corro-
sion, long-term immersion and alternate immersion,
fouling, electrochemical phenomena, coatings applica-
tion and characterization, cathodic protection design,
ballast water treatment, marine biology, and corrosion
monitoring.

The Thermo Scientific LTQ Orbitrap XL high-resolution
mass spectrometer is equipped with electrospray
ionization, atmospheric-pressure chemical ionization,
and a flowing atmosphere ambient ionization source
for high speed analysis of complex samples and
development of new ambient detection capabilities.
The instrument provides mass resolution in excess

of 100,000 with a mass accuracy of <5 ppm and

can perform sophisticated multistage fragmentation
experiments for elucidation of molecular structure.

The Chemistry Division has focused on force pro-
tection/homeland defense (FP/HD) since September
11, 2001, especially on the development of improved
detection techniques for chemical, biological, and
explosive threats. As part of a multidivisional program
to develop new technology systems, the Chemistry
Division is a major contributor to the NRL Institute
for Nanoscience. Nanoscience complements FP/HD
in that nanoscience is expected to provide dramatic
improvements to chemical/biological detection, pro-
tection, and neutralization. Chemistry will approach
the nanoscale from the bottom up — building smaller
atoms and molecules into nanostructures with new
properties and developing the directed assembly of
nanostructures into hierarchical systems. The NRL
Nanoscience building is linked directly into the Chem-
istry building to provide controlled access and auxiliary
space for work not requiring a “low noise” environ-
ment.

The Micro-Raman system is a multiwavelength, fully
automated spectrometer providing chemical microprobe
analysis and mapping of organic, inorganic, and biological
specimens.

The Leica UC7/FC
ultramicrotome with cryo
attachment can efficiently
section materials for
further study, and is
capable of ultra-thin
sections in the 50 nm
range.
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Material Science and Technology
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he Materials Science and Technology Division

(MSTD) at NRL provides expertise and facilities to

foster a broad range of materials innovation. The
Division houses many specialized and unique facilities
for carrying out basic and applied materials modeling,
synthesis, and characterization research.

Electronic structure and multiphysics modeling is
performed in The Center for Computational Materi-
als Science, which operates several high performance
computing clusters that complement the resources of
the DoD Supercomputing Resource Centers. These
hardware resources are used to run in-house custom-
developed and externally custom-developed codes
(VASP, LAMMPS, ALE3D, CUBIT, AERO-suite) and
commercial codes (COMSOL, ANSYS, ABAQUS, etc.)
for understanding fundamental materials properties.

In 2015, MSTD added a new 3D X-ray Computed
Microtomography facility built on a Zeiss Xradia 520
Versa X-ray microscope. This system allows for in situ
measurement of component geometry and material
microstructure under different loading conditions of
strain and temperature. This system is unique in its capa-
bility for diffraction contrast tomography (DCT) that has
only been previously available on synchrotron beam-
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The Cameca atom probe provides 3D
information on the composition and
structure of alloys and devices at the

atomic scale.
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lines. DCT provides nondestructive, high-resolution grain
maps for polycrystalline samples. The system is useful
for characterization of a wide range of materials includ-
ing additive-manufactured materials, batteries, fuel cells,
joined materials, composites, and corrosion products, as
well as hard and soft biological materials and imaging of
subcellular to cellular features with submicron resolution.
The Electrical, Magnetic, and Optical Measurement
Facility contains instruments for fundamental studies of
the magnetic, electrical, optical, and thermal properties of
materials and devices. Magnetometry and magnetotrans-
port measurements are performed within a Quantum
Design MPMS SQUID magnetometer (+ 5T; 1.7-400 K)
and PPMS system (+9 T; 1.7-400 K) and a Microsense
LLC vibrating sample magnetometer (+ 2 T; 90-800 K).
MSTD has added new capabilities in the measurement
and characterization of artificial multi-ferroic materials.
The Bulk Materials Fabrication Facility provides
equipment for fabrication and processing, including
arc-melting and furnace casting for conventional metallic
alloys, a single crystal growth furnace, and rapid solidi-
fication by splat quenching or melt spinning. Ceramic
and ceramic-matrix composites processing facilities
include conventional, controlled atmospheric furnaces,



hot presses, milling facilities, tape casting, particle, and
sol-gel and organometallic coating processing capabili-
ties.

The Thin-Film Materials Synthesis and Process-
ing Facility provides users a variety of techniques for
growth and processing of thin films (thickness 1 um
or less). Sputter deposition is a versatile method of
depositing metallic and dielectric films and several
tools are available for growth on samples up to 8 inches
in diameter and at room and elevated temperature, or

Al r ‘ 1
The Materials Science and Technology Division’s Accelerator

Mass Spectrometry Facility provides positive ion analysis of
materials for trace chemical and isotope composition.

Dark field scanning trans-
mission electron micros-
copy image revealing the
atomic-scale core-shell
structure of PbTe/PbS
nanoparticles.

growth in magnetic field. Thermal evapo-
ration of metals is implemented in both
high-vacuum and ultra-high-vacuum
systems with surface science tools for
analysis. Pulsed laser deposition with
variable stage temperature and controlled
atmosphere is the preferred method for
growth of oxides. Laser direct-write abla-
tion and deposition processes provide
unique methods for imposing CAD-
defined features to a substrate.

The Micro/Nanostructure Char-
acterization Facility contains equip-
ment for imaging of materials from
the macro-scale down to the atomic
scale. This facility includes a JSM-7001F
variable pressure scanning electron
microscope (SEM), an FEI Tecnai G2 30
analytical scanning transmission electron
microscope (STEM), a JEOL 2200FS
field-emission analytical STEM, and a
new Nion aberration-corrected STEM
with 80 picometer resolution. These
electron microscopes have capabilities
for energy dispersive X-ray spectros-
copy, electron energy loss spectroscopy,
Z-contrast imaging, spectral compositional mapping,
and electron backscatter diffraction. This facility also
includes a new robotic serial sectioning system (RS3D)
for automatically removing small amounts of material
and then imaging the structure, crystallography, and/
or chemistry of the exposed surface in an SEM for 3D
reconstruction of materials. NRL has also acquired a
state-of-the-art Cameca 4000X Si LEAP (local elec-
trode atom probe) to analyze the true 3D structure of
materials at atomic resolution with chemical sensitivity
approaching 10 atomic parts per million.

The Accelerator Mass Spectrometry Facility at NRL
is currently equipped with a single stage accelerator
mass spectrometer (SSAMS) that is capable of analyz-
ing positive ions, making the NRL SSAMS facility
globally unique, as all other AMS facilities accept only
negative ions, and opening up analysis of positive ions
of nearly the entire periodic table. At NRL, the SSAMS
is currently coupled to a secondary ion mass spectrom-
eter. The marriage of these two instruments allows for
trace isotopic and elemental analyses of solid materials,
particles, and films and facilitates spatially resolved
analysis of complex materials spanning the range from
semiconductors and engineered materials to nuclear
and geochemically interesting samples.
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Plasma Physics

lonospheric plasma ‘\g'ict and

spacecraft diagnostics tudied in the
Space Physics Simulation Chamber.
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he Plasma Physics Division conducts basic and

applied research in space plasmas; inertial con-

finement fusion (ICF); ultra-short-pulse laser
interactions; directed energy; railguns; pulsed-power
and intense particle beams; materials processing;
advanced diagnostics; radiation-atomic physics; and
nonlinear dynamics.

The Space Physics Simulation Chamber generates
near-Earth plasma environments for studying space
plasma phenomena and spacecraft diagnostic develop-
ment and testing. Nike and Electra are major KrF laser
facilities for ICF research, studying ICF target physics
and developing repetitively pulsed KrF technologies,
respectively. The Ultrashort-Pulse, High-Intensity
Laser facility has both a 10 Hz (15 TW) and kilohertz
(0.45 TW) Ti:Sapphire laser to investigate laser-driven
acceleration and nonlinear laser-plasma interactions.
Directed energy research is performed in the High
Energy Laser Lab, which has four multikilowatt fiber
lasers to study laser propagation, incoherent beam
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combining, and power beaming. The Materials Testing
Facility houses a 6-meter-long railgun used to study
the materials issues of electromagnetic launch for

the Navy and Department of Defense’s multimission
railgun program. A new small caliber railgun will fire
repetitively and expand our knowledge of materials,
pulsed power, and energy storage. The Division has
two large, high-voltage, pulsed-power devices, Gamble
IT and Mercury, which are used to produce intense
electron and ion beams, flash X-ray sources, and high-
density plasmas for application to nuclear weapons
effects testing, radiography, and active detection of
nuclear materials. The Division uses both microwaves
and plasmas for materials processing applications. The
microwave materials processing laboratory includes a
20 kW, CW, 83 GHz gyrotron. The Large Area Plasma
Processing System (LAPPS) generates ultra-low-
temperature plasmas for studying the modification of
energy sensitive materials such as polymers, graphene,
and biologicals. Two atmospheric discharge systems are
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used to study plasma processing and synthesis, plasma
biology, and plasma aerodynamics.

The NRL Small Railgun (SRG) is used for studies of railgun
physics at smaller scale and will have a multiple shot
capability.

The Large Area Plasma Processing System (LAPPS) is used
to develop, characterize, and study plasma-based processing
of energy sensitive materials.

Laser

Proton

TURBOWAVE simulation of proton acceleration from a

Tapered front-end of Mercury accelerator (6 MV, 360 kA, 50 hydrogen gas target driven by an ultrashort-pulse laser.

ns) for dual-axis down-hole radiography.

Nike target chamber area and members of the
Nike team. The Nike laser is used to study tar-
get physics for inertial confinement fusion and
various defense applications.
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Advanced
[faboratory (ASCER!

he Electronics Science and Technology Division

conducts a multidisciplinary basic and applied

research program in solid-state electronics; elec-
tronic materials including growth, theory, and char-
acterization of semiconductors and heterostructures;
surface and interface science; microwave and millime-
ter-wave components and techniques; microelectronic
device research and fabrication; nanoelectronics science
and technologies; vacuum electronics; power electron-
ics; photovoltaics and optoelectronics; and modeling
and simulation.

The Division operates 13 major facilities: Ultrafast
Laser Facility (ULF), Solar Cell Characterization Labo-
ratory (SCCL), Compound Semiconductor Processing
Facility (CSPF), Laboratory for Advanced Materials
Synthesis (LAMS), Center for Advanced Materials
Epitaxial Growth and Characterization (Epicenter),
Electronic Transport Laboratory (ETL), Ultra-Violet
Photolithography Laboratory for Submillimeter-Wave
Devices (UV-PL), Millimeter-Wave Vacuum Electron-
ics Fabrication Facility (MWVEFF), Advanced Silicon
Carbide Epitaxial Research Laboratory (ASCERL),
Optoelectronic Scanning Electron Characterization
Facility (OSECEF), Infrared Materials and Detectors
Characterization Laboratory (IR Characterization
Lab), Atomic Layer Deposition System (ALD), Atomic
Layer Epitaxy System, and High Pressure Multi- Anvil
System (HPMAS).
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The CSPF processes compound semiconductor
structures on a service basis, especially if advanced
fabrication equipment such as electron beam lithogra-
phy for reactive ion etching is required. But most fab-
rication can be hands-on by NRL scientists to assure
personal process control and history. The LAMS uses
metallorganic chemical vapor deposition to synthesize
a wide range of thin films, particularly wide bandgap
semiconductors such as gallium nitride (GaN) and
related alloys. The Epicenter (a joint activity of the
Electronics Science and Technology, Materials Science
and Technology, Optical Sciences, and Chemistry
Divisions) is dedicated to the growth of multilayer
nanostructures by molecular beam epitaxy (MBE).
Current research involves the growth and etching of
conventional III-V semiconductors, ferromagnetic
semiconductor materials, 6.1 A III-V semiconductors,
and II-VI semiconductors. The structures grown in
this facility are analyzed via in situ scanning tunnel-
ing microscopy and angle-resolved electron micros-
copy. The ETL enables comprehensive DC and RF
electronic characterization of materials and devices
down to cryogenic temperatures and under a variety
of magnetic and optical field conditions. The ASCERL
is the focal point of NRL efforts to develop thin-film
heterostructure materials needed for high-voltage,
high-power silicon carbide (SiC) power electronic
components in future naval systems. ASCERL uses



NRL 7.7 kW peak power W-band sheet beam extended
interaction klystron circuit, together with device simulations
using NRL/Leidos 3D electron gun design code MICHELLE
and NRL GPU based 3D PIC code NEPTUNE.

Hexagonal boron nitride, a 2D van der Waals crystal like
graphene, is a naturally hyperbolic material, simultaneously
exhibiting metallic and dielectric-like optical properties along
different crystal axes. Cone-shaped nanostructures (diameter
from 100 to 1000 nm) highly confine light, collecting free
space wavelengths ranging from 6—7 and 12—13 pm and
compressing the photons down to volumes 2 x 10° times
smaller.

an EPIGRESS reactor capable of growing thick, low-
defect, ultra-high-purity SiC epitaxial layers. The
SCCL studies new and emerging solar cell technolo-
gies for tactical applications including terrestrial and
space environments. The ULF is optimized for the
characterization of photophysical and photochemical
processes on a timescale of tens of femtoseconds. It
includes a synchronously pumped dye laser system for
simulating the effects of charge deposited in semicon-
ductors characteristic of space radiation. The UV-PL
and MWVEEFF are key laboratories for developing
precision, all-metal structures for electron optics,
electron beam-wave interaction (e.g., amplifiers and
oscillators), and passive electromagnetic devices. The
UV-PL uses lithographic techniques and chemical
electroforming to create high height-to-width aspect

High-resolution, cross-sectional scanning tunneling micros-

copy images of type-Il superlattice structure are shown in
(a) and (b), and images of the “W”-structured type-Il super-
lattice are shown in (c) and (d). Bright regions correspond
to the (Al)GalnSb layers and the dark regions correspond
to the InAs layers.

The properties of bilayer graphene films depend on the rela-
tive orientation or twist of the two layers. The effect of this
angular dependence is that two stacked polycrystalline gra-
phene films have a patchwork of colored regions that appear
red, blue, or yellow. This “stained-glass window” appearance
arises from the emergence of a narrow absorption band due
to direct electronic coupling between the layers.

ratio structures (up to 10:1) with feature sizes as

small as 5 um. These dimensions are compatible with
devices that can produce coherent electromagnetic ra-
diation at submillimeter wavelengths. The MWVEFF
contains a computer numerically controlled (CNC)
milling machine and a CNC precision lathe capable of
fabricating intricate millimeter-wave vacuum elec-
tronic components and a wire electric discharge ma-
chining (EDM) tool for fabrication of millimeter-wave
and submillimeter-wave components that cannot be
fabricated by conventional rotary cutting tools. EDM
offers a noncontact process for both hard and soft
metals as well as SiC and doped silicon.
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Center for Bio/Molecular Science and Engineering

40
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"";Synthetic blood vessel fabrication from primary mammalian cells

and novel biosynthetic polymers using sheath flow systems. Right:
Time lapsed micrographs of synthetic vascular maturation [days 0,
3, 10, and 20 are shown (top — down)]. Bottom: Several millimeters of
synthetic vascular tissue with DAPI (blue) and CD31 (green).

he Center for Bio/Molecular Science and Engi-

neering conducts cross-disciplinary, bio-inspired

research and development to address problems
relevant to the Navy and Department of Defense by
exploiting biology’s well-known ability for developing
effective materials and sensing systems. The primary
goal is to translate cutting-edge, bio-based discoveries
into useful materials, sensors, and prototypes that can be
scaled up, are robust, and lead to enhanced capabilities
in the field. The challenges include identifying biologi-
cal approaches with the greatest potential to solve Navy
problems and provide new capabilities while focusing on
bio-inspired solutions to problems that have not other-
wise been solved by conventional means.

Studies involve biomaterial development for chemi-
cal/biological warfare defense, structural and functional
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applications, and environmental quality/cleanup.
Program areas include optical biosensors, nanoscale
manipulations, genomics and proteomics, bio/molecu-
lar and cellular arrays, surface modification, energy
harvesting, systems biology, viral particles as scaffolds,
and bio-organic materials from self-assembly.

The staff of the Center is an interdisciplinary team
with expertise in biochemistry, surface chemistry,
biophysics, molecular and cell biology, organic synthe-
sis, materials science, and engineering. The Center also
collaborates throughout NRL and with other govern-
ment laboratories, universities, and industry.

The Center’s modern facilities include laborato-
ries for research in chemistry, biochemistry, systems
biology, and physics. Specialized areas include con-
trolled-access laboratories for cell culture and molecu-




lar biology, an electron microscope facility, a scanning
probe microscope laboratory, instrument rooms with
access to a variety of spectrophotometers, a multichan-
nel surface plasmon resonance (SPR) sensor, and an
optical microscope facility including polarization,
fluorescence, and confocal microscopes. Additional
laboratories accommodate nuclear magnetic resonance
(NMR) spectroscopy, liquid chromatography-mass
spectrometry (LCMS), and fabrication of microfluidic
and micro-optical systems in polymers. The Center
maintains a state-of-the-art X-ray diffraction system
including a MicroSTAR-H X-ray generator. In com-
bination with new detectors and components, the
system is ideal for data collection on proteins or very
small single crystals of organic compounds and is

Sample prepared for X-ray diffraction on the new Bruker D8 Quest that
features a state-of-the-art CMOS based detector and a micro-source that
operates at only 50 watts but produces an X-ray intensity on the sample

close to that produced by first-generation synchrotrons.

Alexabd T
5

F |

FRET

BRET, FRET, ..

Luc — QD — DNA
photonic wire

B. i ﬂIGH [
- TA.-"T!:': UCT-;T*

(31- 1

oo 1 2 4 & 8§ 12 1% 0

Y

NRL RESEARCH DIVISIONS

also capable of collecting data on films and powders.
Core facilities have been established for fluorescence
activated cell sorting (FACS), micro-array analy-

sis, next generation sequencing, circular dichroism
spectroscopy, and 3D printing and rapid prototyp-

ing. The Center has recently installed an analytical
ultracentrifuge to facilitate separation and character-
ization of proteins and protein complexes. The mass
spectrometry (MS) facility was also enlarged to enable
small molecule and proteomic analyses of biological,
environmental, and clinical samples by offering state-
of-the-art instrumentation and proteomics expertise in
preparation, analysis, and bioinformatic interpretation
of experimental data and manual interpretation of MS/
MS spectra.

New Bruker Ascend™ 400 compact NMR
with advanced magnets for medium and
high-field NMR.

! .

Schematic of a self-assembled energy transfer system. DNA photonic
wires are used with quantum dots and various dyes to assemble a
sequential fluorescence resonance energy transfer (FRET) cascade.

Nikon Eclipse C1si Confocal Microscope used for
live cell imaging with advanced techniques including
total internal reflection fluorescence, confocal, FRET,
photoactivation, and microinjection.
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Acoustics

NRL’s “Reliant” unmanned unders
vehicle with towed acoustic array
deployed during a long range acti
acoustics experiment.

42

he Acoustics Division’s research program spans

the domains of quantum and classical physics. It

addresses spatial scales from nanometers to hun-
dreds of kilometers and temporal scales from less than
microseconds to the seasonal and long-term variability
of the oceans. The Division’s research topics include
the following:

(1) The study of the impact of riverine, ocean, and
atmospheric fluid dynamics on the phase coherent
properties of acoustic signals with the objective of
predicting the performance variability of acoustic
systems including autonomous unmanned underwater
systems and their underwater acoustic communications
networks;

(2) The continued development, expansion, and
adaptation of full physics underwater acoustic propa-
gation and scattering theories. The use of numerical
simulations to estimate the uncertainty in acoustic
field propagation simulations that is caused by limited
spatial and temporal sampling of the initialization and
updating sound speed fields;
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(3) The measurement and theoretical description of
the spatial/temporal variability of the deterministic/
statistical properties of acoustic signals scattered from
marine organisms, the near-surface ocean volume, the
air-sea interface and the sea bottom/subbottom with
the objective of reducing the impact of non-target
acoustic signal clutter on naval mine countermeasures
and antisubmarine warfare system performance;

(4) The prediction and measurement of the angle and
frequency dependence of acoustic signals scattered and
radiated by complex three-dimensional structures with
application to advanced manned and unmanned mine
countermeasures and antisubmarine warfare detection
concepts;

(5) The design from first principles of microelectro-
mechanical and nanotechnology-based structures (e.g.,
metamaterials and sensors) that have unique sound
transmission, reflection, and transduction properties.

The experimental and computational components
of the Division’s research program require the uti-
lization of high-performance computers, the NRL



Institute for Nanoscience experimental facilities, the
University National Oceanographic Laboratory Sys-
tem’s ships and measurement systems, and the design
and use of state-of-the-art laboratory, underwater, and
atmospheric research instrumentation.

At-Sea Research: The Division uses autonomous
unmanned vehicles, fixed autonomous moorings, and
measurement systems attached to ships. Undersea
acoustic propagation and ambient noise measure-
ments are made with a fully autonomous moored
acoustic data acquisition suite composed of two 80 m,
32-channel vertical hydrophone arrays, two 600 m,
96-channel horizontal hydrophone arrays, and two
50% duty cycle programmable acoustic sources oper-
ating at center frequencies of 300 and 500 Hz. Data
are acquired by two 32-channel and one 96-channel

recording systems that continuously acquire 24-bit data

for a minimum of 30 days.
Ship-attached instruments are used to investigate
the four-dimensional properties of acoustic signals

scattered from the ocean’s surface, bottom, and volume.
They include two flex-tensional XF-4 and one ITC 2077

sound sources; a towable, vertically directional source
array operating in the 1.5 to 9.5 kHz frequency band
and a 64-channel broadband (500 to 3500 Hz) time
reversal source-receiver array.

A 53 cm diameter Bluefin autonomous underwater
vehicle (AUV) is used to test autonomous unmanned
mine countermeasures, antisubmarine warfare con-
cepts, and autonomous vehicle control algorithms
designed to function in environments with unantici-
pated events. Underwater acoustic communications
network research defines future network capacity by
deploying programmable modems, two Iver-2 58 in.
expandable AUVs, and two 8-channel moored/towed
remotely controlled acoustic communications data
acquisition modems in a variety of topologies.

Laboratory Facilities: The Acoustics Division has
several nationally unique laboratory facilities. The
Laboratory for Structural Acoustics supports experi-
mental research where acoustic radiation, scattering,
and surface vibration measurements of fluid-loaded
and non-fluid-loaded structures are performed.

A 3.7-million-liter, in-ground pool facility (17 m

dia. x 15 m deep) has vibration and temperature
control, anechoic interior walls, and automated three-
dimensional scattering cross section measurement
capabilities. Instrumentation includes compact range
scattering, nearfield holography, and scanning laser
Doppler vibrometry capabilities. Ultra-high-precision

measurements are conducted in this pristine laboratory

environment using submarine hull backing imped-
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ance simulators, torpedoes, scale-model submarine
structures, and deactivated mine targets. A large
acoustically treated in-air measurement facility (50 x
40 ft and 38 ft high) is used for structural acoustic and
vibration measurements on satellite payload fairings,
active and passive material systems for sound control,
and new transducer and sensor systems. It is instru-
mented with robotic scanners capable of generating
nearfield acoustic holography (NAH) radiation, reflec-
tion, and transmission databases. Marine sediments
are replicated in tanks to study the impact of sediment
burial on the structural response of mines or impro-
vised explosive devices. In addition, a salt water tank
(6 m x 6 m x 3.5 m) facility is designed to study a
variety of physical phenomena under both saline and
nonsaline conditions. These include air-sea interface
and subsurface bubble acoustic signal absorption and
scatter studies; the characterization of sound gener-
ated by laser pulses; and the effectiveness of acoustic
metamaterials. A sonomagnetic measurement facility
is equipped with a vibration-insulating optical table
constructed from nonmagnetic materials and a single
three-axis magnetometer capable of measuring fields
up to £100 pT with a 1 nT noise floor at 1 kHz. An
ultrasonic measurements laboratory is used for small-
scale acoustics experiments designed to measure the
effectiveness of acoustic metamaterials. Two 1.2 m
cubic water tanks are equipped with overhead X-Y-Z
positioning systems and LabVIEW-based data acqui-
sition systems. A fabrication workshop equipped with
a Haas Mini-Mill and an Objet Connex 500 3D rapid
prototyping machine support the laboratory research
facilities.

Proteus LDUUV (large displacement unmanned underwater
vehicle) being launched. The Acoustics Division is developing
technology for this Columbia Group vehicle and recently
completed measurements with it.
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Remote Sensing

The NRL HREP (HICO/RAIDS
Experiment Payload) being '«
deployed for operations on the
Japanese Experiment Module of
the International Space Station.,

he Remote Sensing Division is the Navy’s center
of excellence for remote sensing research and
development, conducting a broad program of
basic and applied research across the full electromag-
netic spectrum using active and passive techniques
from ground-, air-, and space-based platforms. Current
applications include earth, ocean, atmospheric, astron-
omy, astrometry, and astrophysical science, and surveil-
lance/reconnaissance activities including maritime
domain awareness, antisubmarine warfare, and mine
warfare. Special emphasis is given to developing space-
based platforms and exploiting existing space systems.
A major Division research focus is environmental
remote sensing of the littoral environment. Specific
research areas include maritime hyperspectral imaging
for in-water environmental remote sensing and land-
based trafficability studies, radar measurements of
the ocean surface for the remote sensing of waves and
currents, and model- and laboratory-based hydrody-
namics.
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Airborne sensors used for characterization of the
littoral environment include visible/near-infrared (VNIR)
and shortwave infrared (IR) hyperspectral imagers, a
VNIR multichannel and hyperspectral polarimetric
imager and a nonimaging VNIR polarimetric spec-
trometer, longwave and midwave IR thermal cameras,
an X-band, 2-channel interferometric synthetic aper-
ture radar (SAR), and the NRL Focused Phased Array
Imaging Radar (NRL FOPAIR), an X-band, high-frame-
rate, polarimetric, multi-phase center SAR system.

As an outgrowth of our airborne littoral sensing
program, the Division developed the Hyperspectral
Imager for the Coastal Ocean (HICO), the world’s first
spaceborne VNIR hyperspectral sensor specifically
designed for coastal maritime environmental observa-
tions. HICO was launched to the International Space
Station in September 2009 and operated until September
2014, and has provided scientific imagery of varied
coastal types worldwide. After a 3-year Navy mission,
HICO was supported by NASA in 2013 and 2014.



New littoral research areas include the exploitation
of polarized hyperspectral imaging, active (lidar-based)
sensing of the water column, and multi-phase center
SAR systems.

For radiometric and spectral calibration of the
visible and IR imaging sensors, the Division operates
a calibration facility that includes a NIST-traceable
integrating sphere and a set of gas emission standards
for wavelength calibration.

The Division’s Free Surface Hydrodynamics Labo-
ratory (FSHL) supports ocean remote sensing research.
The lab consists of a 10 m wave tank equipped with a
computer-controlled wave generator and a comprehen-
sive set of diagnostic tools. Recent work focuses on the
physics of breaking waves, their infrared signature, and
their role in producing aerosols. Experiments con-
ducted in the FSHL are also used to test and validate
numerical results and analytical theories dealing with
the physics of the ocean’s free surface.

Non-littoral environmental research areas include
the remote sensing of sea ice and soil moisture, the
measurement of ocean surface winds, and middle
atmospheric research. NRL (in a collaboration between
the Naval Center for Space Technology and the
Remote Sensing Division) developed the first space-
borne polarimetric microwave radiometer, WindSat,
launched in January 2003 and still operational. Its
primary mission was to demonstrate the capability to
remotely sense the ocean surface wind vector with a
passive system. WindSat provides major risk reduc-
tion for development of the microwave imager for the
next-generation Department of Defense operational
environmental satellite program. WindSat data are
processed at the Navy Fleet Numerical Meteorology
and Oceanography Center (FNMOC), and operation-
ally assimilated into the Navy’s global weather model,
as well as that of several civilian weather agencies
worldwide. In addition, the Remote Sensing Division
is exploiting WindSat’s unique data set for the remote
sensing of other environmental parameters includ-
ing sea surface temperature, soil moisture, and sea ice
concentration.

The Division also carries out a vigorous research
program in the remote sensing of middle atmospheric
constituents by ground-based millimeter-wave spec-
troscopy. The centerpiece of that program is the Water
Vapor Millimeter-wave Spectrometer (WVMS). It
is part of the international ground-based Network
for Detection of Atmospheric Composition Change
(NDACC), with sensors based in Lauder, New Zealand,
Mauna Loa, Hawaii, and Table Mountain, California.
Recently, measurements of chlorine monoxide and
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ozone have been added as part of a collaboration with
the University of Massachusetts and the New Zealand
National Institute for Water and Atmospheric Research.

The Division has research programs in astronomy
and astrophysics ranging in wavelength from the
optical to longwave radio (HF), with an emphasis on
interferometric imaging. Facilities include the Navy
Precision Optical Interferometer (NPOI), located
near Flagstaff, Arizona, a joint project between the
U.S. Naval Observatory and the NRL Remote Sensing
Division. When completed, NPOI will be the highest-
resolution ground-based optical telescope in the
world. Current applications include optical astrom-
etry, unfilled aperture imaging technologies research,
astrophysical research, and (most recently) to conduct
research into the imaging of deep space satellites.

As an outgrowth of this imaging research, the
Division has established an adaptive/active polymer
lens laboratory, consisting of a clean room environment
and specialized equipment for conducting research and
development, fabrication, characterization, and metrol-
ogy related to adaptive polymer lenses and other types
of custom polymer optics.

The Division is also at the forefront of research
in low-frequency (<100 MHz) radio astronomy
and associated instrumentation and interferomet-
ric imaging techniques. The Division developed
and installed VHF receivers on the National Radio
Astronomy Observatory’s Very Large Array (VLA), has
designed the next-generation HF receiver system for
the EVLA (Expanded VLA), and developed imaging
techniques necessary to correct for ionospheric phase
disturbances, important at HF frequencies. The newly
completed (November 2014) NRL VLA Low Band
Ionospheric and Transient Experiment (VLITE), pro-
viding continuous imaging observations at 352 MHz
with 64 MHz of bandwidth using ten VLA antennas, is
a unique facility for astrophysical transient detection
and ionospheric remote sensing.

The Division is also collaborating with the Uni-
versity of New Mexico on the Long Wavelength Array,
a prototype, next-generation, HF imaging array ulti-
mately with 200 to 300 km baselines.

Finally, the Division operates the NRL SEALAB
(Scene Exploitation and Analysis Laboratory), which
is the primary conduit of Division imaging research to
the operational community.
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Oceanography
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he Oceanography Division is the major center

for in-house Navy research and development

in oceanography. It is known nationally and
internationally for its unique combination of theoreti-
cal, numerical, experimental, and remotely sensed
approaches to oceanographic problems. The Division’s
modeling focus is on a truly integrated global to coastal
strategy, from deep water including arctic regions to the
coast including straits, harbors, bays, inlets, and rivers.
This requires emphasis on both ocean circulation and
wave/surf prediction, with additional focus on cou-
pling the ocean models to atmospheric, ice, biological,
optical, and sediment models. This includes processing
and analysis of satellite and in-water observations,
development of numerical model systems, and using
advanced data assimilation techniques for predicting
the ocean environment. This modeling is conducted on
the Navy’s and Department of Defense’s most powerful
vector and parallel processing machines. The Division’s
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NRL scientists prepare to deploy a bottom-
mounted SEPTR mooring in the Gulf of Mexico.

in-house Ocean Dynamics and Prediction Compu-
tational Network Facility provides computer services
to scientists for program development, graphics, data
processing, and storage, and provides network connec-
tivity to other Navy and DoD sites including the High
Performance Computing centers. The computational
system enables leading-edge oceanographic numeri-
cal prediction research applicable to Navy operations
affected by environmental variations at scales of meters
to hundreds of kilometers and time scales of seconds
to weeks. To study the results of this intense model-
ing effort, the Division operates a number of highly
sophisticated graphic systems to visualize ocean and
coastal dynamic processes. Problems addressed cover
a wide scope of physics including parameterization

of oceanic processes, construction and analysis of
ocean models and forecast systems, basic and applied
research of ocean dynamics, surface waves, thermoha-
line circulation, nearshore circulation, estuarine and



riverine modeling, arctic ice modeling, internal waves,
and ocean/atmosphere/wave/ice coupling. Additional
emphasis is on optimization of underwater, airborne,
and satellite observing systems, representation of ocean
processes affecting temperature, salinity, and mixed-
layer depth, uncertainty analysis in coupled systems,
ensemble and probabilistic ocean forecasting, targeting
ocean observations, representing probability in ocean/
acoustic systems, and satellite-observed surface heat
fluxes. The end goal is to build cutting-edge technology
systems that transition to operational forecast centers.
The Division’s Ocean Sciences Branch conducts
basic and applied research in ocean physics, air-sea
interaction, ocean optics, coupled physical bio-optical
modeling, and marine microbially influenced corro-
sion. Emphasis of this research is on understanding the
oceans’ physical processes and their interactions with
the atmosphere and biological/chemical systems at
scales ranging from basin-scale to microscale. Numeri-
cal and analytical models are developed and tested in
laboratory and field experiments. The results of this
research support the Navy’s operational capability for
predictions of oceanic atmospheric exchanges, acoustic
propagation/detection, light transmission/emission,
and influences of microbes on marine corrosion. The
seagoing experimental programs of the Division range
worldwide. Unique measurement systems include a
wave measurement system to acquire in situ spatial
properties of water waves; a salinity mapper that
acquires images of spatial and temporal sea surface
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salinity variabilities in littoral regions; an integrated
absorption cavity and optical profiler system; a towed
optical hyperspectral array and a Shipboard Lidar
Optical Profiler (SLOP) for studying ocean optical
characteristics; self-contained, bottom-mounted,
upward-looking acoustic Doppler current profil-

ers (ADCPs) for measuring ocean variability; and a
Shallow water Environmental Profiler in Trawl-safe,
Real-time configuration (SEPTR). A newly acquired
Rayleigh-Bénard convective tank and a hybrid under-
water camera support the Division’s ocean optics
programs providing object detection and identification
in extremely turbid underwater environments. Instru-
ments for sensing the littoral environment include a
Vertical Microstructure Profiler (VMP), a Scanfish, and
four Slocum Gliders equipped with a microstructure
(turbulence) package.

The Division’s remote sensing research focuses on
radiative transfer theory, optical ocean instrumenta-
tion, lasers and underwater imaging and vision, satellite
and aircraft remote sensing, and remote sensing of
bio-optical signatures. The research includes applying
aircraft and satellite ocean color and thermal infrared
signatures for understanding the biogeochemical cycles
in the surface ocean. Additional emphasis is on algo-
rithm and model development using satellite and air-
craft data (SeaWifs, MODIS, MERIS, AVHRR, VIIRS,
OCM, GOCI, HICO, and CASI) to address the spatial
and temporal variability of coastal optical properties.

Arctic ice thickness (meters) from the Cou